DOCDHBHT RBSOaE 

0 

ED 111 631 ' ^ SB 018 057 



AOTHOR 
TITLE 

INSTITOTION 

i>OB DATE 
NOTE 



EDRS PBICE 
DESCRIPTORS 



Coardr E. A. 

Human Requirements of Flight. Aviation and 
Spaceflight. Aerospace Education III. 
Air Oniv.r Maxwell AFB^ Ala. Junior Reserve Office 
Training Corps. ( 
74 \ 
197p.; Colored drawings and* photographs may not 
reproduce clearly. For the accompanying Instructor 
Handbook, see SE 018 058 / ^ 



IDENTIFIERS 



llF-$0.76 HC-$9.51 Plus Postage 
♦Aerospace Education; ^Aerospace Technology; 
Biological I^Luences; Biological Sciences; Biology; 
Hunan Body; ♦Instructional Materials; Physical ^ 
Sciences; ♦Physiology; Secondary Education; 
Textbooks 

♦Air Force Junior ROTC 



ABSTRACT 

This book, one in the series on Aerospace Education 
IIJ^ deals with the general nature of human physiology during space 
flights. Chapter 1 begins with a brief discussion of the nature of 
the atmosphere. Other topics examined in this chapter include 
respiration and circulation, principles and problems of vision, noise 
and vibration, and self-imposed stresses. Chapter 2 provides an 
account of aerospace medicine. The next two chapters are devoted to a 
general description of protective equipment used by fliers, pilot 
training, and surviving and living in space. Chapters 5 and 6 provide 
information on skylab and future space flights. The book is designed 
to be used in the Air Force ROTC program. (PB) 
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As ENGiNEfeRS.developed aircraft that could fly higher 
and faster, greater stresses were placed on, the bodies;, 
of pilots and aircrews. Man himself soon became the 
factor limiting advances in flight. To enable man to 
oyercome his natural handicaps and ..to progtess in \ 
flight intq the cold, rarefied atoidsphere, doctors and 
physiologists have had . to learn hiore about the way* 
the body reacts to fliglit . \, 

As medical specialists have accumulated kno\yledge 
abojutjR^lglU^pllisi^^ 
^ neers to meet the human requirements of flight. By 
designing and developing oxygen masks, pressure suits, 
and pres^uqzed cabins, medical and engineering^spe;-^ 
cidiste have enabled man to protect^ his body .\yhile . 
flying in the upper atniosphere. With more advanced 
protective clothing aiid e^ui^mem^^m^^ progress 
to the very fringe of space'aM men into .space itself, 

Pioneer balloonists, pilots, and astronduts have also 
played an important part in itteeting the human re- 
quirements of fligh't. First came the balloonists who 
explored the lower reaches of the atmbsphere. Next ' 
came the test pilots and the combat pilots who flew . 
the newest models d(Nfigh-performance aircraft. Even , 
after high-i>erfprmance aircraft were flying, balloonists 
continued to explore the atmosphere at higher altitudes 
until they reached, the flight ceiling- The ahimals sent . , 
aloft on soundhlg rockets and in spacecraft helped to 
prepare the way for riian to go^into space. The first 



astronauts who orbited in space^ and travelled to the 
moon were suljfected to flight stresses much .frqater 
than man had ever before encountered. \ - * 

As man has learned better ways fqr countering the 
stresses of CJigbt at higjier altitudesj flight has become 
safer and more comfortable. Commercial air 'trans-, 
portation has expanded rapidly, as a result.^ ' 

In compiling this book, information was obtained 
from many sources. Grateful acknowledgment is. made, 
to the Federal Aviation Adpiinistration, (FA A) and, 
to the airlines for information on pilot training. Thanks 
arjj also due to the National Aeronautics and .Space 
Adipinistration (NASA) for photographs showing 
man's activities iii spacfe, as well as for information pn 
space projects and schedules. Information on the 
physiological effects of space radiation was obtained 
from^ publications of the US Atoniic' Energy Com- 
mission and the Air University SpaceJiandbool^. 
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THIS CHAPTER summarizes tht basic principles of the physiology of flight. 
It describes the nature of the' different layers of the atrtiosphere/ and it expla»ns 
how the respiratory and circulatory systems are affected by reduced barometric 
pressure at altitude. It desdribeal the causes and symploms<^ hypoxia, trapped 
gases, and decompression sickness, and' the effects of rapla decompression at 
altitude! It o*so explains how the eyes function during flight and how the 
flier's body is affected 4>y disorientation and motion sickness, increased G-forces, 
noise and^ vibration, excessive heat and cold, noxious gases and vapors, and 
self imposed stresses^ *After you liave studied this chapter, you should be able 
to ,do the following. (1) tell the principal differences ^between the layer^s of 
the ajmAsphere throvgh^which aircraft fly, (2) explain how a. flier is affected 
by hypoxia, trapped gases, decompression sickness, and ropid decompression 
at high altitudes, (3) explain why good eyes are important to a flierv and 
(4) describe how a flier is affected. i>y disorientation, noise and vjbration, 
excessive heat and cold, and self-imposed stresses (alcohol, tobacco, and 
drugs). • 



iVlAN'S NATURAL E-.NVIRO\MF^NT is on the ground 'i^^ 
- ihc bbriom of an ocean ^of air. As' man K'g^m to leave his nat- 
ural environment and fl\ aircraft to high altitudes, he found that, 
the pressure of the surrounding air decreased with increasm^j; 
height, and that he experienced stress* in the cold, rarefied air. 
As man fleA to increasing^) higher altitudes' and at greater speeds, 
'^ additional sfi^esscs were plaCed on the bod\ ' If, man was^ to con- 
Wnuc to progress in fl>ing, he had to learn inorc about^ the* human " 
bodv and ihe ^liS" in which it ns affected b\ flight. 

Man has learned manv wa>s to adapt u> fl\ing as aviation - 
and spaceflight have progressed This^adaptation has been brought 
about not bv learning how to make the bodv change but rather 
bv using special equipment or changing tlw b(^^i>\s. environment 
durmi^ night The human bodO makes changes *onlv witjiin nar- 
row limits in attempting to adjust "to the stresses of flight. The 



HUMAN REQUIREMENTS OF^FLIGHT , 
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body tissues maintain essemially the same temperature, have about 
/the same concentration of \xygen and salts, and are bathed by 
a similar amount joU fluid durhj^ight as on the ground. One of 
the principal ways that, man keel>ssliis body functioning normally 
during flight is to create an earthlike environment that he can 
take with hiin while he is flyipg. , ^ 

NATURE OF THE ATMOSPHERE 

• 

In his natural environment on the ground, man maintains a 
uniform pressure inside ^and outside the body. The atmosphere 
provides the body.. tissue witfi a -supply of oxygen, which is- nec- 
essary to. sustain life. The, human body can adjust to relatively 
small temperature changes, and it can survive for spme time with- 
out food or water; btit life cannot be sustained for long witKhut 
oxygen. At sea^level, a inan shut off'frdm oxygen provided \J/'^'"^ 
the atmosphere would die within Ave to eight minfltes. At higif 
altitudes, death would come sooner. • 

To understand how the body is affected by the atmosphere 
during flight, it is qecessary to know more about the atmosphere 
* and how it chahgps with altilpde. 

\ . " • ' 

Compodtioii of ihe Atmosphere 

At sea level ^he atmosphere is made up of a fixture of many 
gases ^and varying amounts of water vapor. The proportions of the 
different dry gases in the lower atmosphere remain fairly con- 
stant. Of the mixture 9!^^ dry gases at sea level, rotlghly 78 pcr- 
qcnt is nitrogen and 21 percent is oxygen. The remaining 1 
percent consists of carbon dioxide and. other gases« 

Although nitrogen m^kes up about 78 percent of the atmo- 
sphere, it is not used by the body to support life. Nitrogen serves 
only to dilute the oxygen and supply additional pressure, and the 
same amount, of nitrogen is exhaled^ as is inhaled. It is important 
to remember that 'Ihe blood and other body, f luids contain nitro- 
gen. This gas may change from the liquid' to the gasjpous state 
during ascent to high altitude^. ' 

Oxygen must not only taken into the' lungs but also be 
absorbed into the bloodstream ani carried by- the bloodLto. alL 
parts of the body. Oxygen must be cdfistantly . supplied to the 
cells and tissues to keep the body, alive. As matu ascends to 
highcji altitudes, he finds tfi^it the amount of oxygen decreases 
,and that the temperature and .pressure ot the atmosph^i"e also 
ch^ge. ' ; t » V 



PHYSIOLOGY OF FLIGHT 

, ^ Ltyers the Atmosphere ' - 

The atmosphere is usually divide^ into the troposphere, the 
* stratosphere, the ionosphere, and the exosphere. Between each 
region is a transition la^er (-pause), as shown in Figure 1. .The 
. depth of the -different layers of air' varies with the time of day, 
the season, and the geographical location. (Average depths are 
given in the figure.) - * ^ 

We live in the troposphere^ and most flying takes, place within 
this layer. Its average depth is 35,000 feet; and most of what we 
refer to ^s weather — thaj is, winds, storms, rain, snow, hail, and 
clouds — occurs in this division.^ The wind in the troposphere us- 
ually increases with altitude, and the swift jet streams are found 
at the higher altit udes near the tropopau^e» 

When a pilot flies above. the tropopause and is in the strato- 
sphere^ he is above most weather. There is very little moisture 
and cloudiness in' the stratbspheire. In this division neither the 
supply of "Dxygen nor the pressure' pf the/^osphere is adequate 
to sustain, life. Most of the larger jet transports fly in the lower 
stratosphere or jn the upper/tfbposphere. 

Withfn'the ionosphere the atmospheric pressure continues to de- 
crease 'with height; and, as the name suggests, this region is 
characterized by ionization of atmospheric particles by solar ra- 
diation, • • 
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HUMAN REQUIREMENTS OF FLIGHT 

In the exosphere, which extends^ from about 600 to 1,200 miles 
above the earth, atmospheric density continues decreasing with al* " 
titudc until a region is reached where particle density is so small 
that we call it space. In the exosphere* there are so few mole- 
cules that they seldom strike against each other. Only spacecraft 
can operate in the exosphere and the ionosphere. , , * ; 

Within the troposphere, or the lowest level ol the atmosphere, - 
the temperature decreases with an Increase in altitude. Within the 
stratosphere, the temperaturyT^emains fairly constant. Tempera- . 
ture characteristics of the US Standard Atmosphere *are given be- 
low: 
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^ As the air continues to become less dense with increasing height 
within the exosphere, the classic concept of temperature is no 
longer applicable, since temperature no longer depends upon the , 
energy of the gas molecules. > 

Space, considerec^ from a purely physical standpoint as almost 
total absence qt air molecules, begins at about, 1,200 miles. Space' 
as it affects the hunian body begins at a mu6h lower altitude, at 
about 50,000 feet, in the study of flight physiology other divi- 
sions of the atmosphere, called the physiological zones, are used. 

' * Physiological Divisions 



Since pressure variations affec^the body in different ways, the 
flight environment is divided into the physiological zona the phys- 
iological-deficjent zone, the partigfl space-equivalent^ zonip, and the 
total space-equivalent zone (Fig. 2). 

Pressure within the atmospjicre is measured with a barometer 
and is expressed iri terms of the height of a column on mercury 
(Hg) whith could be supported by a given atmo^phericlpressure. 
At sea level, where atmdspheric pressure averages 14.7^ psl 
(pounds pet square inch), the atmosphere supports a CfiSlumn of^ 
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♦ • ' PHYSIOLOGY OF FLIGHT 

mercury 29.92 inches high. In flight physiology, atmospheric pres- 
,sure is usually measured in millimeters (mm) rather than mches. 
The pressure of the atmosphere at sea' level is said to be 760 mm 
oif Hg, pr pressure strong enough to support a column of mercury 
760 mm high. The physiological 2one begins at this ptessure level. 
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Physiological zone.— The physiolopcal zone, or the regien of 
the atmosphere within which man is physiologically 'adapted to 
flight, exteikis from ^ea level to 12,000 feet' WiUiin this zone 
there is enough oxygen to allow a normal, healthy ma^ to fly 
witKout the use of special protective eqilipment, and it. is within 
thi$ zone that the majority of flying is done. Man may exper- 
ience some dizziness or discomfort in, the ears or sinuses when 
he makes an ascent or a descent too rapidly within this region, 
but these changes in tlte bqdy usually do not produce physiologi- 
cal impairment. At thftsJower limit . of the pKysiological zone, 
atmospheric pressurg is T60 mm Hg, ariiE^^ it .drops to 483.4 mm Hg 
at the upper limit. Although it is possible to surViye^ above 12,000 
foet .without an oxygein mask^the Air Force ^rctjuires its personnel 
to use supplemental oxygen wh^n flying above iO,(toO feet. 
^ * PHYSiotOGiCAL-DEFicigNT ZONE.— From 12,000 feet up to 50,000 
*feet extfljnds the pbysioIo^calHlcfident zone. Atnjospheric pressure 
decreases from 483.4 .mm "Hg to 87.4/ mm Hg within this second 
ione. With the reduced ^ atmospheric and oxygen • pressure, man 
mjist be supplied with supplemental oxygen, and at the higher 
levels the o'xygetf must be supplied tmder pressure,. Most military 
aircraft and comiherical aircraft flying I^ng distances go into this 
second zone. Flight within the zone is made possible through the 
ui^e bf protective equipment. * " ^ ' 

Partial space-equivalent zone.— The partial space^uivalenl 

'zone extends from. ^50,000 feet to 120 miles above the earth, 
^ extensive area. Within this ' third zone th^ atmosphepc prcs- 
sure is so low that a man would lose consciousness even if sup- 
plied with 100 percent oxygen* under pressure. Aircraft flymg 
within the partial space-eqUivalent zone must have a completely 
sealed cabin, or wjiat is taown.as a space cabm. In the inclosed 
; ^ space ^cabin, oxygen is supplied from within,* and carbon dioxide 

, must be removed and the air purified. Pressure suits are needed 
' ; for additional protection * , • ; , 

Aircraft and balloons can operate only in the lower reaches of 

;<the spa,ce-equivalent zone, At about 20 miles above the eartli the 

• atmosphere can no longer support b^loons-or most, winged air- 
craft. M^rt can go beyond this altitude pnly when he travel's iA , 
' . a special rockdt-powered aircraft or a spacecraft 

Total space-equivalent zone.— Beyond 120 miles from the. 
earth is the total spacc^quivalent ^onc. In this zone the cm^ron- 
meht has ftll the characterisitics of true space as far as th^uman 

• body is concerned. Thd. special' problems of flight mMff^is zone 
arc desci^^bed in CJiaptef, 4: In this chapter we aip/rftacemcd only 

^ ^vith the gcnerar problef^js of fligh^ physiolowf ssjecially those 

• that arise ffom reduced^ atpiospheric pr^uro/at altitude. 

\ t ... ' 
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derstand how the human body is affected by reduced pressure, jt 
is necessary to know, the kws governing the actioo of 'gases. 

Physical l^ws of Gises ' • ^ 

The human body is both a living organism n a structure with 
many air-filled cavities and with canals and tuoes that have" fluids 
4n them subjected to atmospheric pressure. As the body ascends^ 
to higheraltitudes and the atmospheric pressufq decreases, 'the 
gases within the' body act according to physical laws. These are 
principally Boyle's law, Daltotfs law,. and'Heriry's law. 

Boyle's law.— Boyle's law states Aat the volume of a gas^ is 
inversely proportional to its pressure^ if the temperature remain? 
constant] In other words, when the *pressure of a giis decreases 
at constant temperature. Its. volutne increases, and vice- versa. 
This law explains why t&e gases trapped in the body expa(hd as 
the atmospheric pressure on the outside of the body .decrease 
with increasing altitude. ' ^ • . - . . 

Dalton's law,— Dalton's law stat^ that the total presstirc pf 
a mixture of gases Js equal to* the sum. of the partial pressure of 
each gas in that inixtuje. This law has an important application 
In computing the pressure required for^an artificial breathing at- 
mosphere fojr aircraft and spacecraft. \ ' 

Fortunately, the pressure of a pure-oxygen atmosphere in a 
"^paoe suit' can be fnade to be. about the same as the partial pres- 
^re of oxygen at sea level; die total atmospheric pressure, or 
14.7 psi, does not have to be used Since, oxygen Imajces up about 
21 peiceht of* the atmfosphere at*sea level, the^onnal pressure, 
of oxygea at sea level is abdut 3.D9.psi, A slighdy higher pressure- 
is ufed to provide, a safety factor. This means that an astronaut 
is safe with an oxygeq pressure of about 3.5 psi in his space suit, 
which he depends upon for only a relatively short time when ojit- 
side the spacecraft For the, oxygen atmosphere inside the ^cc- 
, craft, which the astronaut breathes for extended periods, engineers 
use a pressure of about 5 psi.- ' • 

Hekry's l^w, — ^Henry*s law states that the amojunt of a gas iOj 
solution varies directly with the partial pressure that this gas ex- 
erts on the solutipn. This means that when the partial , pres- 
sure of a gas decreases with altitude, fliat gas evolves, or comes 
TOt of solution from, the blood ot otiier body fluids. Henry's law 
explains why nitrogen and" other gases escape from solution and 
form innumerable tiny bubbles in the body as the ambient, or 
surrounding, pressure decreases. * /• ' . 

The problems caused by* cvolviilg nitrogen make up sortie of, 
the most serious problems of flying at hi^ altitudes. The more 



HUMAN REQUIREMENTS OF^HJGHT 

frequent, problems, however, are those due to lack of oxygen. 
These directly affect respiration and circulation. . 

' , * RESPmATION AND CIRCULATION 

Respiration is the process by which the body exchanges gases 
with the environment The parts of the process that are most 
* familiar to us are the inhalation of ^oxygen and the exhalation of 
carbon dioxide. Actually these are only two parts of a much more 
complicated proc^. Respiration includes all the steps entailed in 
taking oxygen 'into the body,, carrying the ovjgtn to the ctUs 
to support oxidation of food, and remoraig carbon dioxide from 
the body, , ' ; " . 

The respiration process is closely related to the circulation ol 
blood throughout the body. Although all processes and qrstems 
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FIgur* 4. Lungt with alveolj. Tfi« air finally pattts Into tht milHoni of tiny alvtoli *in 
1h« fungt. H*r« th« air tnttrt and l«avt$ tht btoodttrtam. 

\ 

of the body are in seme Way affected by the stresses of flight, the^ 



respiratory and circu 
The stress placed 



fipt affects the r^spi ratory .system itself. The respirator]^ system is 
jnade '^^ * — ^ 1 1 ...i. •_ m.* 



the -throat, tfirough 
then into the lungs, 
many thousands o! 
tubes (Fig. 4). 1^^; 
air sac, known a?' 
mated to be ab^ut 



atory systems are mo§l ^directly affected, 
oft the body by decreasing oxyglbn pressure 



up of the lung I, ^ series of conducting, tubes called bronchi, 
^hp windpipe, and tlic mouth and nose (Fig* 3). ^ir first enters 
^ ^ the nasal passages, 'v}ie^' it is warmed and moistened .and, small 
particles of foreign narfer are removed. The air then passes down 



vessels, or capillati 
capillaries are verlr 




the win^ipe, into the bronchial tubes, and 
Once inside the lungs, the air goes through 
small tubes that branch off from the large 
led at the very end of each branch is a jninute 
an alveolu^ (plural, Alveoli). There are esti- 
three hundred million alveoli in the lungs. 



Surrounding the thil, moist wall of each avcqlus are tiny blood 



Because the walls of the alveoli and the 
fhin (I/5p,000th "of an irich), . gases in 
solution can pass b^ek and forth into and out of the blood which 
flows through the c^))ilFaries. ' • . * . 
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Oxygen passes from the alvepli into the bloodstream because 
the partial pressure of oxygen iii the alveoli is greater than that 
in the bloodstream. Air, like water, seeks its level, passing from 
an area of higher pressure into one of lower pressure. 

Once the supply of oxygen enters the bloodstream from the 
lungs, it is circtilated throughout the bo4y by the action oL the ^ 
heart. The heart is an organ for, pumping blood throughoiir the 
body. For doing this, the heart has four cavities: two atria and 
two ycntridcs. (Fig. 5). The left atrium receives the oxygen- 
rich blood from the lungs and passes it. to the left ventricle. The 
left ventricle forces this oxygenated blood through the arteries to 
supply the tissues. The ^ght atriutn receives the venous blood 
after it has passed through the capillaries and given up its oxy- 
gen. The venous blood then passes to the right ventricle^ and then 
to the iungs to be supplied with oxygen againi The arteries carry 
the oxygen-rich blood aWay from the heart to the body tissues, 
and the veins carry the deoxyg^nated iJlood back from the tissues 
to the heart. 




DIAGRAM OF CtfCULATORY ^TSTtM 
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Uft vtotricU 
CROSS SCCnON OF THE HEART 



Q Oxygtn fifth blaotf 



Figure 5. Circulatory lysttm. th» Htart has four cavltUt for rtctiving and itnding out 
blood.* Thtit or* th* right atrium, th« right v«ntrlcJ«, th* Uft atrium, and tht Itft. 
vtntrklt^ tK« x^d blood It tht axygtn-rlch blood. Tht vtnout blood has had tht 

axygtn tok^ from it. 




F1gur« 6» Mtchonks . of brtathtng* At Inhalotbn tht diaphragm moves 
th« lungs txpand, and aU tnttrs th« lungs. At txhalbtlon^ tht diophragm movts . 
upward, (rifht), tho lungs contract, and air Is forctd out of tht lungs. 

The amount of carbon dioxide in the blood has ah important 
.effect on the action of the heart As the. concentration of car- . 
bon dioxide in the blood increases^ it causes the heart rate to speed 
up so that the heart can send more oxygenated blood to the tis- 

sues. When the amount of carbon dioxide in thp btoKxl decreases, 

the heart rate is slowed down because less oxygen is needed by , 
the tissued. % ^ . 

Similarly^ the respiratory.^ system acts to keep the ^amount of / 
^ *Rygcn in the body ti&ues'' constant. To make up for reduced 
oxygeji pressure at ^tiiude, man begins to inhale more ^ rapidly. 
The mechanical processes that control inhalatipn and exhalation of 
oxygen in breathing had to be understood b^ore engineers . could 
design oxygen masks and pressurized cabins. 

The lungs are like two balloons that ahnost fill the cavity known 
as the thorax (Fig. 6). This cavity is bound bjr 'the rib . cage and , 
by the diaphragm. T&e ribs extend frpm the spinal column (to 
whiih they are attached) to' the front part oT the body. The ribrf 
are connected by means of muscle tissue that expands and con* 
^acts with the action of the diaphragm. The diaphragm is a doriie- 
shapea structure also made up of muscle tissue. It separates, the 
thomc from the abdominal cavity, which lies below it. / \ 
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, ^ As the diaphra^ niovcs downward and the> ribs move out- 
ward, ahc thorax XJxpands and increases in volume. With increased - \ 
volume, the pressure of the gases in. {he thorax and lungs de- 
creases, znd air rushes! in from the outside, causing the lungs to 
' expand and fill. This is the inhalation ph^se of the respiration ^ 
cydc. When the aij in' the lungs reaches the same pressure as 
that in the ambient air, the muscles relax arid the diaphragm • 
moves upward, causing the"^ thorax to contract. With decreased 
volume, the pressure of the ga^cs in the thorax jind" lungs in- 
creases,- forcing the air out of the lungs. This is the exhalation 
phase of the' respjration cycle. ^ ^ 

If you ,keep *in mind the working of the respiratory and cir- 
culatory systems of the human body, as well as the laws govern- 
ing the physical action of gases, you will understand how the 
' body is affected by reduced atmospheric pressure at altitude. 

EFFECTS OF REDUCED PltESSURE AT ALTITUDE 

.As the body ascends to high altitudes, it must make adjust- " 
ments to the reduced atmospheric pressure in order to keep the 
body tissues constant. If the pressure . Outside the body is greatly 
reduced and . the ^body • i$ not adequately protected, it cannot 
make the necessary adjustments, and injury, sickness, ^nd death » , 
maV result. As the pressure acting on an unprotected body de- 
• creasfcs, thg most frequent result is hypoxia. - 

, . . ' ^ \ 

^ ^ Hypoxia and Hyperventilatioif . 

Any pilot' who flies above 12,000 feet, or goes into ihQ physio- 
Jogical-dcficicnt zone, .without suppfemprvtal oxygen is likely to 
* develop symptoms of hypoxia. Prosp'tctirvc pilots must learn about 
the symptoms and effcas of hypoxia because the onset of the 
condition may be s^Uddea and unsuspected. ..." 

Hypoxia can bb^efined as a deficiency of oxygen jn the body ' 
cells or. tissues. Hypoxia -in ilight is Us^yiaUy caused by an insuf- 
ficient amount of oxygen in the inl^cd; air, but it may be ag- 
' gravated by other conditions, such as anemia, poor 'circulation of 
^ the blood, or the presence of poison oj^, alcohol in the bbdy. 

The greatest danger front hypoxia in flight occurs when the ♦ 
pilot. or a member of tjie aircrew becomes "so engrossed in his / 
dutiqs that he docs not notice the first symptoms of hypoxia. In / 
such cases the hy^ox^c condition .may become so serious that ^ 
. protective measures canopt be taken. For thi& reason each pilot 
and aircrew member is trained to rdcogiiizc/ his . own personal 

X ■ ' ',2 ^ • ' 
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symptoms of hypoxia. To help him do this, he is exposed to low 
pressures simulated in an altitude chamber, or an airtighjL tank. 
One way of recognizing symptoms of hypoxia is to take samples 
of .a' trainee's handwriting as he is exposed to different levels of 
reduced pressure. The. haridvnr^ing will frequentlyt^^ shpw the ef- ^ 
fects of hypoxia even before the trainee is avare that he is af- 
fected. • s • 

When aircraft . first began flying above the . 15,000-foot level 
and pilots began to suffer Jrom hypoxia, they reacted' in differ- 
ent ways and it was dtfficult to pinpoint the troulile. This was 
especially dangerous becaxise hypoxia causes mental as well as 
physical disturbances. Under the effects of hypoxia, some 'pilots . 
became depressed, but most pilots bec^ihc bold and ejated, much 
ast if they were intoxicated^ Even though they ^had paid close 
attention to orders in the p$ist, they suddenly disregarded all com- 
mands. They sometimes went into fits of Jauglfier as they took 
their, aircraft higjfier and higher, unaware of the dagger, until 
they finally lapsed into unconsciousness. " , » ^ * - ' 

Now the effects of hypoxia^ are better understood, but the^ 
symptoms .stilf cannot be precisely defii\ed, as t^ey vary from pert 
^on to' person. The symptoms at first may include an increased 
breathing rate, dimming of vision, headache, dizziness, poor co- 
ordination and '•impairment of judgment, and finally loss of yision 
and changes in behavior. Whenever a pilot notices the first symptoms 
of hypoxia, he is expected <o use additional oxygen. If oxygen is not 
available, he must make an emergency descent to ^ lower altitude. 

To enable a pilot deprived of oxygen to know how much time 
he has for taking' emergency measures, the time of useful con- 
sciousness is used. This is defined as the time during which the 
pilot, can exercise judgment. The average time of useful conscious- 
'ness decreases with altitude, as shown below: J ' \' ' " 

' 15,000 to u\(^i^ .Si) minyWor ni6r<? ''^ 

js,oo6/„...2,/ij^|.L.,,;<.^.. ....,:....'.;«..r..>5 to tq^mitiutw; , : 

* 4Sm^,:^.^..^^^^^ ' - 

A person affected by hv^oxia tend$ ta incrcfise his brVathing 
rate in an attempt to takofin more oxygeq. may continue to 
g^p until bjvpepenlilatiafi, or, werbreathing, occurs. Hyperven- 
tilation may result from gc( at emotional tension or anxiety, 
such as a pilJbt is, likely to experience Under the stresses o£ high 
altitude. As tntc pilot , gasps for iir,.he "blows Off art excessive 
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amount of carbon dioxide from the lungs and "washes out" 
carbon dioxide from the bloodstream. » A certain level of carbon 
dioxide must be Jcept in the bloodstream at all times in order 
to signal the respitatory center in 'the brain to bring in more oxy- 
gen. When there is not enough carbon dioxide in the blood, the 
respiratory' center in the brain ceases to function properly, and in- 
sufficient oxygen is brought into the blood. 

With the loss of carbon dioxide from the blood caused by hy- 
perventilation, the pilot usually experiences symptoms similar to 
those of hypoxia, such as dizziness, hot and cold sensations, and 
nausea. Finally he becomes unconscious. Aircraft accidents have 
been traced lo unconsciousness caused by J^yperventilation. 

After the victim of hyperventilation becomes unconscious^ he 
no longer gasps for air, and the condition tends to correct itself. 
As carbon diqxide accumulates in the bloo^ and an adequate 
level of carbon dioxide is reached, the respiration center in thq 
brain takes control of breathing once more. Normal breathing 
is resumed, and the^ victim regains consciousness. 

* Since the- symptoms of hyperventilation andjhypoxia overlap, 
a person who is hyperventilating is first treated for hypoxia by 
. betn'g given additional oxygen. If the symptoms 'do not disappear, 
he- is urged' to breathe more slowly until Ihey do. These precau- 
tions are 'taken to prevent more serious effects fron) developing. 

In addition to hypoxia and hyperventilation, the 'body may 
suffer from the mechanical effects; produced by gases ^ trapped 
*in the body. ' 

' * * ' ' - 

Trapped Gases 

/ As the .body ascends to. altitude or' "drops from> higher to a 
lower ahitude during flight, the free gases inside the body cavi- 
ties, expand or contract, following Boyle's law. Trouble develops*' 
when gases in the bbdy cavities cannot escape or the air from ihe 
outside oannot enter. With trapped gases prcsqnt,* pressure builds 
up, and p^in and sickness niay result. Gases are ttiost likely to 
become trapped in the ears, sinuses, teeth, stomach, and intes- 
tines. ^ , . ^ . if J 
Ear block.— The middle ear is the part of the car that is affected 
most often by trapped ga^es during flight. To understand why this 
happens,, you need to review the structure of tly^Sar, The eat 
is composed of three sections: the outer ear, th^iddle ear, and 
the inner ear (Fig. 7), The outer ^ear, which includes the exter- 
nal auditory canal, ends at the eardrum. The eardrum, an ex- 
tremely thin membrane (about 0.004 incb thick), marl^s the be- 
ginning of the middle ear. This part of the ear, located in the bones 
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6f the skull, contains ..three hinged bones that transmit vibraHons 
from (he eardrum to another drum separating the middle ear 
from the inner ear. The inner ear is the part of the ear that is. 
responsible for hearing and *ody balance. , ^ 

The middle car Connects with the back \yall of^ the throat and 
the*outside air through a short slit-like tubq called 4he eustachian 
tube. As a person ascends or descends during Jlight, air must es- 
cape or b,e replenished through the' eustachian tube to equalize^ 
fhe pressurq in the cavity of the middle ear with that of the 9ut- 
side atmosphere. The adjustment is usually ma^e automatically 
durihg ascent , but has to be made iCo;ikiouSly during descent. 
The eustachian tubjj allows air to pass, outward with ease, but 
resists ^passage of air in the opposite direction.. Air can usually 
be pushed through the eustachian tube during jiescent bj swallow- 
ing, yawning, or tensing the muscles of th^ throat at intervals,* 
thus causing the pressure of the ^ir within the middle ear to 
equalize with that of the outside atmosphere. If passengers are 
asleep, they are awakened to allow ' them tor swalfow and ven- 
tilate their ears. An ear block Tnay develop when descent is macle 




Figur* 7. Parts of th« Mr. Th« outtr Mr and tho middU •or ar« stpcfrattd by th« 
eardrum. Th« innor tar includ*! tht balanct'Stnsmg organisms. * ' " 
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too quickly or when one is upable to equalize the pressure bg; 
cause the eustachian tube is swollen from a head cold or infection 
(Fig. 8). An ear block causes discomfort and pain. 

When the inner ear threatens to become blotted during flight, 
all one has to do is close his mouthy hold his nose, and blow. 
This action forces air up the eustachian ,tube and into the middle 
ear. It ventilates the ears and is not dangerous. Nasal inhalants, 
such as Benzedrex, may also be helpful in clearing the ears if 
' used properly. 

Sinus block. — At altitude the sinuses may become blocked in 
' miich the same way that the middle ear does. A sinus block is 
» treated in much the same way as an ear block. The sinuses arc 
rigid bony cavities filled with air and lined with mucous mem- 
brane. There are four sets of sinuses (Fig. 9). Each of the sinuses 
connects with the nasal cavity by means of one or more small 
openings. Under nQrmal conditions, the air can pass freely in 
and out of the sinus cavities, and pressure is equalized. If the 
ascent or descent is made too rapidly or if the openings to the 




Figur* 8. Mlddl* tar showing tar block. Th« sehamatie diagram shows the middU 
tar as a box with an optning on tithtr sidt. If air from tht outsidt can th ft 
middlt tar thiough tht tustachian tubt, prtssurt »s oqualixtd (abovt). tf the tustachian 
ftubt is blocked, air is trapptd !n tht middlt tar (bt1ow)< ' 
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Figur« 9. Four stts of sinuses. Tht frontal sinusts art th« onts most ofttn blocktd 
during flight. Air trapptd m the maxillary smusts causts pain restmbling a toothache. 

sinuses arc blocked because the mucous membrane is swollen, 
pressure builds upon within- the sinUses, and pain results. The 
frontal sinuses are the ones most often blocked. Pressure in ^ 
Jhese sinuses xau^s' a "pain abova the eyes, which may becoijie ^ , 
severe. When the rtmxillary sinuses are. affected, a paiii develops 
in the upper jaw that, is often mistaken for a toothache but is 
actually caused by trapped gases. 

Tooth pain. — Air does at times become trapped in cavities in 
the teeth or in the root canals, causing severe Wth pain at al- 
titude. TI?e only way to get relief is to descend from altitude, f 
The toothache often disappears at the same altitude ^at which it 
was first observed on ascent. Gases may be trapped m the t'qeth 
at altitude in abscesses, imperfect fillings, and inadequately filled 
root canals. For Ihis reason s( flier has to keep his teeth in ex- 
cellent condition. / 
/ Gases trapped in stoMach and intestines. — Pain may also be ,^ 
caused by gasds trapped in^the stomach and intestines, but such ^ 
gases usually do riot becoii;le a problem until high altitudes are 
reached. In flights above 25,000 fecit the expanding gases in the 

♦ stomach and intestines may cause severe pain, lowering blood 
pressure and eventually bringing on shock. Relief can be secured 
before the danger point is reached by passing the gases. If this 

• cannot be done, the only recourse is descent. 

The gas trapped in the stomach and intestines is usually air that 
' has been swallowed, but other gas, or flatus, may develop in the 
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digestive proq^s. Pilots who fly to high altitudes and astronauts 
are careful abo^ut the foods they select for their preflight meal, 
and during flight they eat foods that do not form gas in the stom- 
ach and intestines. • ' 

Other gases tHat cause problems in flight are those that have 
evolved, or changed from a liquid back to a gas. These gases 



When the barometric .pressure falls during ascent, the partial 
pressures of the gases in the body fluids decrease in proportion 
to the amount of that g^s in the fluid, according to Menry*s law, 
stated earlier. As a consequence, the gases that are in the highest 
degree of concentration begin to leave the body fluids and escape 
ift the form of tiny bubbles, much as the gas escapes when a soft 
drink bottle js uncapped (Fig. These escaping gases cause 
a number, of "disturbances known collectively as decompression 
siduiess. ^ - 

Siilce. nitrogen isw the gas found in the greatest proportion in the 
bodyl \i is the first gas to come out of solution in the body as 
pressure deCpeases. Evol^d nitrogen causes the bends, the chokes, 
and oth.er forms of decompression sickness. These conditions us- 
ually are not produced' at altitudes below 30,000 feet, but de-"" 
compression sickness has^ been known to occur at altitudes as low 
as 18,000 feet. * . / 

Bends. — Upon ascent^ to high altitudes a pilot may develop 
bendS) a form of decompression sickness that also affects deep- 
sea divers when they ascend too quickly. The condition is char- 
acterized by pains in and ab6ut the joints. At finst the pain may 
be mild, but it usually is progressive and may become extremdy 
severe and even crippling upon reaching very high altitudes. Tho^ 
pain may spread ' from Jhe joints to the entire arm or leg. Joints 
such as those of. the knee and shoulder are most frequently af- 
fected. The pain may, be lessened by keeping the affected part 
immobile. , ■ 

Chokes.— Another form of decompression sickness brought about 
by evolved gases is known as the chokes. This"* Condition is char- 
acterized by pain in the chest. The pain is probably brought about 
by the pressure of tiny gas bubbles that block the smaller blood 
vessels of the lungs. At firs^ the pressure is felt as a deep burning 
sensation, but gradually it becomes a severe stabbing pain, which 



(JTHER KINDS OF DECOMPRESSION SICKNESS. — The nitrogen 
bubbles released into the boc^y may al$o cause disturbances of 



^ause decompression sickness. 



Decompression Sickness 




[ravated by deep breathing. 
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the skin or of^^ central nervous system. When the central 
nervous system is affected, the^>Tnptoms may be similar to those 
of hypoxia.' 

Treatment of DECoMPRESSIO^^ sickness.— As decompression 
sickness becomes more severe, tfii pain caused by the escaped 
gas bubbles becomes more intense, and faintness, ^dizziness, and , 
nausea may result. The victim finally goes into shock and becomes 
unconscious. Relief can be obtained ,only be descending Treat- 
ment should be given as soon as possible after the victim has 
reached the ground. / 

The Air jForce has special chambers, like the one shown i 
Figure 11, for " treating the victims of decompression sickness. ' 
The«p9tient is transported, to the. chamber in an aircraft specify 
pressurized to sea-lfvel presspre^. ht the chamber, pressure is ap- f 
plied to the patieiA's body lo force the escaped gas bubble&Jo 
go back into solution again,/and the pain is relieved. The piucnt 




Fir^ at Miy Mih ^)ttj^ (r«Mu* 



Figur* 10. B*ndt cauttd by nilrogtn bubbUt. Th« filer's body might b« comparad with 
tf botlU of todo pop. At vtry high oHttud*t th* nitrogen dittolvtd In tht body fluids 
moy com* out of solution ond cous* ifv«r« poin of tht joints* or b«nds. 
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breathes pure oxy^n and is treated for shock. Emergenc) treat- 
ment for decompression sickness may be .necessary if the seal 
of a pressurized cabin is broken at high, altitude. 



RAPID DECOMPRESSION 



OccasioDlally an aircraft cabin decompresses, or loses pressure, 
during flignt. When thereis rapid decompression at a high altitude, 
there is wl explosion as the pressure suddenly decreases. The oc- 
cupants pi the cabin aire thejl exposed to all the danger of the 
rarefied atmosphere noted previously plus extremely low tempera- 
tures, flying ^ebris, and possably wind6l^t. 

If the aircraft or a[)acecraft were flying at 63,000^ feet or above, 
there would be an jfddition^l hazard. The blood and other body 
^uids boil if exposed to the amBient atmosphere at this level. To ^ 

{understand why this happ^^ns, it is necessary to keep in mind * 
acts^onceming the following. (1) evaporation and the boiling 
point of water a^ related t9 the' ambient atmosphere, (2) the 
temperature of the humail body and the abundance of fluids in 
the body, and (i) the boilin^point of water at 63,000 feet. 




Figurt 11. Chamber for tr*atm«nt of d«compr«ttlon t!An«ii. Th« ^ti«nt will b« 
Mb|*€ltd to pr«tiur« in tA* ^hamb«r. This ihould caut«/th« nltrog«n bubblti to go 
back \M6 iplutlon and bring th« body hpck to normot. ^ 
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You are familiar with the fact that water boils at a temperature 
'of 212 degrees F. at sea level, where the pressure of the ^mbient 
air is 14.7 psi. As more heat is applied to the water, bubbles and 
steam form, .and the temperature^ of the boiling water remains at 
212 degrees F. As one goes up into the mountains, the barometric 
pressure falls, and the boiling point of water decreases. In the boil- 
ing process at higher altitudes, evaporation takes place at a lower 
temperature. Now^ consider that human body, through its 
respiratory and" Circulatory systems, takes in oxygen to bum food 
and produce heat. The human body contains blood and other 
fluids that are largely water. The body keeps these fluids at a 
temperature of about 98.6 degrees F. Since the boiling point of 
water decreases with altitude, a point is finally reached at which 
the boiling point of water (and body fluids) becomes 98.6 de- 
•grees F. This point is reached at an altitude of 63,000 feet. At 
this level the body fluids boir (Fig. 12). Subsonic jet transports 
do not fly above 65,000 feet exCQpt in an emergency. Only mili- 
tary pilots and astronauts now fly at such high altitudes. 

If a space cabin' undergoes rapid decompression at levels be- 
low 63,000 feet, the cnief danger is from hypa^a, or lack of o^y- 
gqn. Studies have shown that a no^al healthy person can ^ur- 
vwe relatively severe decompression without harm to the body if 
the air passages in the lungs remain open. In ca^e of decompres- 
sion, the pilot's first thought is to obtain oxygen and then bring 
' the aircraft down as quickly as possible. The time of useful con- 
^iousne$r may be reduced to one-half or one-third the normal 
time if the decompression has been rapid and the air has been 
forced out of the lungs du^ to rapid expansion. 

PRINCIPLES AND PROBLEMS OF VISION 

Of all man's sensory equipment none is more important to hin, 
in flying than his eyes. A pilot must be able to see well so that he 
can jud^ speed and distances, enabling him to take off and lan^ 
safely and prevent collisions in midair. In addition, he must be 
able to distinguish colors so that he can interpret signal .flares j 
and beacons, and he must have good night vision so that he can / 
. fly safely in the darkness. Even when visibility is zero, vision is / 
still important, since the pilot must be able to read his instru- r 
ments, charts, and maps. ' ^ / 

Because good vision is essential to the pilot, high standards of; 
visual acuity are set. It is important, however, that a pilot not 
only has a good pair of eyes but also trains himself to use his 
eyes! S\f}C£ he has fewer visual cues in the air than on the ground, 
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a pilot must learn to' observe, inteqjret accurate 1> what he sees, 
and keep from being misled b> visual illusions. To understand 
the problems of vision that face pil9ts and astronauts, it is neces- 
sary to know something about the basic structure of the eye and 
its physiology; 
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Structure «nd Physiology of the Eye 



The eye is like a camera with an almost inexhaustible supply 
of film. Both the eye and a camera have a shutter, a diaphra^, 
fens, and a method of focusing, all arranged in an opaque light- 
tight container. 

Objects that reflect or emit light project an image of them- 
selves on the retina of the eye, The retina is an interior coatmg of 
the eye located around the sides and to tht back. J co°|ams 
light-sensitive cells known as cones and r6ds (Fig. 13). inese 
"are connected to the optic nerve, whicVtransmits messages di- 
rectly to tiie byain. We have one blind spot located ^^vhere the 
optic' nerve enters 'tiic eye. A person does not usually notice 
tills, sine? tiie visual fields of botii eye? overlap and, m effect, 
eliminate this blind spot The way tiie tones. an^ s are dis- 
tributed in tiie retina affects the way we see duryig daylight and 
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at night. Experiments have shown that the cones are used mainly 
in day vision and the rods in night vision. 

The greatest concentration of cones is in the center portion of. 
the retina in a slight depression known as the fovea. There are 
many cones in the eye, and they excite the interconnecting nerve 
cells on a one-to-one basis. This is the reason why the cones 
arc able to detect fine detail. They are also sensitive to color. 

The rods are found primarily in the outer portions, or the 
periphery, of the retiaa. There is also a zone between this area 
and the fovea, or center, that is occupied by both rods and cones. 
Rods are less numerous th^n the cones. The rods are not sensi- 
tive to color, and they do not detect light' in wavelengths greater 
thaij red. Rods are very valuable to us, however, because they 
are much more sensitive to light than cones are. They can be 
activated by an. amount of light equal to starlight on a clear night. 
The cones must have light equal fo at least half the intensity of 
moonlight in order to function. 

Night vision jmd Dark Adaptation 

Because there arc no rods in the center of the retina, or the 
fovea, an 'object cannot be seen at night under low light condi- 
tions (le^^than one-half moon illumination) when one looks di- 
rectly at 'it'. For this reason a pilot learns to look at objects in the 
darkrie^;by glancing slightly to one side or other of the object 
so that itc image will fall on the rods in the retina. This tech- 
nique is .ealled off^icnter vision; or scanning, and it can be de- , 
veloped jvith practice. ^ * 

•Rods->re riot always instantly ready for use. You may have 
made th^jf observation for yourself wiien you went immediately 
fro'rt the bright daylight *injo a darkened movie theater' or from 
a brightly lighted room to the dark* outdoors at night. At first yoU 
could s€^ nothing in the darkness. Then, after seVeral minutes, 
you began to sec dim forms and large outlines. The time recjuired 
for da^t* adgptalicm varies, from person to person. , The average 
time required is 30 'minutes. * 

" To shorten the time required for dark adaptation, pilots may 
wear goggles with red lenses. The rods are more sensitive* to 
purple and blue and the colors of shorter wavelength th^n Ped. 
The ro^s ire affected so little by the red light that the r^d goggles 
•allow a pilot td keep a certain amount of dark adaptation -even 
in a brightly lighted room. The red goggled also decrease '^tho ef- 
fects of accidental e^cposure to light ^as- th^*pilot goes from the^ 
ready room to i the waiting aircraft 
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Ever since World War II red light has been used traditionally 
fbr lighting the cockpits and instruments of aircraft to keep the 
pilot from losing dark adaptation at night. Such lighting retains 
the sensitivity of the rods as much as possible and allows some 
light for the cones of the fovea to function. Now, with the in- 
creasing use of electronic devices for navigation, some engineers 
are recommending the use of low-intensity white light for il- 
luminating the cockpit at night. Such light would allow the pilot 
to see the true colors of instruments and would not disturb his 
dark adaptation too much. 

Factors Affecting VisibUity 

Besides the adaptation of the retina, many other factors deter- 
mine the vlsibilitj; of an object, or its ability to be seen. Some of 
these factors are the angular size of the object, the amount of 
illumination on the object, the contrast between the object and 
its bacl^ground, the length of time the object is se^n, and the 
condition of the atmosphere between the observer and the ob- 
ject. In general, the visibility of an object increases with an in- 
crease in its angular size and an increase in the amount of il- 
lumination, contrast, time of viewing, and the clarity of the 
atmosphere. Insofar as he is able, the pilot tries to improve the 
conditions of visibi)Hy, and the engineers assist him by tho way 
they design the aircraft ind the signal lights and approaches^ at 
the airport. The windshield and the windows of aircraft are made 
of materials that reduce glare and allow the li^ht to penetrate. 

As the pilot takes his aircraft to higher altitudes, the ambient 
supply of oxygen decreases. This reduces visual acuity, as well 
as the ability to adapt the eyes to darkness. With an increase in 
altitude the visual surroundings change also. There is less haze^ 
the sky becomes darker, and the sun's rays become more intense 
and have a higher * proportion of ultraviolet light in them.. As a 
protection against the brij^t sunlight, pilots who fly at hJ^ al- 
titudes wear sunglasses, and astronauts have gold*plated visors 
in their space helmets to protect them against the glare. To 
prevent the cockpit of high flying aicraft from having dark shadows 
and glard, they are illuminated with a white light during the day- 
time. , / 

Although visibility increases with the time an object is viewed, a 
, pilot avoids staring at objects. Instead he spots or scans aa7)bject, 
looking ajt it 'repeatedly but for no more than a secgnd at a time. 
If he were to stare ^t objects, especially moving lights at night, 
he might have a visual iUusioji^An illusioa^4^ xi false sensory im- 
pression or ^^-t^eimpr^ission tliat is not interpreted correctly. 
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Visual illusions are a hazard to a pilot, who must maintain his 
sense of distance and orientation in the aif. ' * 



SPATIAL DISORIENTATION AND MOTION SICKNESS 

It is much more difficult for man to orient himself in flight than 
on the surface of the ^anh. Since he can move freely in three 
directiqps during flight, he sometimes finds it difficplt to sense 
the direction in which he is moving and the relation of one posi- 
tion to another. When a pilot cannot see the horizon clearly, 
he may not know* which direction is up or down. In such cases 
a pilot Undergoes ' spatial disorientation. The problem of keep- 
ing oriented is even more difficult for the astronaut in defep 
space. All the astronaut can see from his spacecraft window is 
a maze of stars against a black background unless he can spot . 
the moon, the earth, or another module of his spacecraft, .which 
might tell him something about his position. 

' Sensory Equipment for OrientstioQ 

For the pilot, sight is the mo$t reliable means of determining 
position. Since the pilot has few visual cues in the air, it is im- 
portant that he use those cues he has to keepf himself accurately 
oriented. When a pilot brings his aircraft out of a bank or turn, 
(or ex^plc, he regains his orientation by following familiar ob- 
jects on the ground and thus establishes the true horizon.. When 
he checks his observations * agaiflst his instruments, the pilot 
again makes use of siglit. When ttie astronauts make their "walks" 
In space outside their sp^cccra^t, they* can orient themselyts by 
looking steadily at their spacecraft 

Besides using (1) vision, man makes use of two otlier kinds of 
sensory equipment to orient himself during flight. (2) the sense of 
balance in the inner ear, and (3) the muscle sense, or posture 
sense, derived from sensors in the muscles and bones. Very little 
is known about the actual working of this third kind of balance 
sense, but its effects can be felt by anyone. It is felt as a sense 
of prcssw^such as one 'feels on the feet when standing or on 
the .scat when sitting. Pilots used this sense of orientation when 
they fl^w "by the scat of the pants/' In low-flying aircraft, 
pilots still make use of the muscle sense, but in high-performance 
aircraft pilots make more use of vision and the balance sense 
in the inner ear. The principles and problem's of vision have al- 
ready been explained. Here we are concerned mainly with the 
second orientation spnse, that foynd in the inner ear. 
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Balance Organs In Inner Ear, 



The inner ear is imptSr^nt bpB.^ot h^ixfm^ and fpr $eniing. 
balance^ The pilot js cgnqkncd {i^tpaUy .wjth the Kcomf fanc- 
* tioii,^at j^f scfisrn^ baIance/*He^^^ about the m^^^ the. '^1- 
^ ^ an«;-se^ski|[ orgaii^'feVthe inner. ca^ work so th^t lie can under-." 
, stand lie ntay .misintecprei ,th^ *sigi^l^. sent to .his /bi^i^t* 
\ ,%sausfhg* spatial *di^oricntatioii. and raotlqj^. sickness, 4rf .nausea 
/<:aus^,by motion, Th<? qirgan^' ot Balance in the inner p^r (F^ig. 14). 
" I 'cori^t'of (1) the three senucirculair canals,^ each located in- a dif- 
^ fcreht pjane,rynd i2) two ^acs at.tHe.base of. the canals called 
th*e .'Otolith Organs because jthej contain jttian> minute particles 
■ ' known as otoliths, o^ »^*ear dust!'* ' / . * 
' The semicirculaf canals" sense tHe be^nyig and* ending of ro- 
' tation or turns (partial rqtatiop). Thd otolith . organs .sense th^' 
speeding up or slowing down ^of motion in, a sffaighf *^nc. Jo- 
gethcr the two* kinds of balance origins in tfie ini)er cax 'seAse all 
kinds , of motion.. During the -course of ordinary mov^ents on 
the ground, they sense accurately and sen^ tnia messages t'p the 
brain. For .example^ they sense leaninjg, stooping, binding, 'run- 
ning, ahd walking, and ttie direction in which the motion is tak-, 
Ifig plac^^ '» - < . 




* Figurt 14. fiatan^t organs tn inntr tar. Tht stmictrcular canall ahd tho- otolith orgam* 
, tog«th«r stntt Lalanct and direction o^ movem«nt. Each of Iht tjirtt lomrcirtular 
canals ii locattd in a diHtrtilt plant. Th't twa otolith ofgani c^rt locottd at tht bost' 

oi tht $tmicir9olar canali. y 
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If four body has been spun Tapidly or you kave taken a ride on 
a roller C9aster, you^ may suffer from motioo sicl^iicss. Similarly, a 
pilot who subjected to prolonged or sever? acceleration may 
r experience sgatial disorientation and motion sickness. His condi- 
' tion is brought about because the balance mechanisms in his inner 
ear have been affected by inertia. As a result, the hair filaments 
dp not * sense the movement of the fluid in the semicircular 
xahaTs'in the iiotmal way (Fig. 15). Also, because of inertia, the 
otoliths ("ear dust'') do not register motioA in the usual way (Fig. 

' to reiflaih^priehted in flight, a pilot cheeky the messages sent to 
his brain by the balance organs in his inner ear against his yision 

» and his muscle sense of balance. He checks .all three kinds of bal- 
ance sensing '.against his instruments^ He does this whenever he 

'flieS using visual flight rules. When visual cues are. no longer ade- 
quate, the Jpilot goesi on Instruments. He mbt then trust his in- 
strunjents completely and ignore the signals his inner ear iT^rM-s 

\ ing to iiis brain. If a pllot^ insists that his sensations are aquirate 

' and that his instruments have somehow gone wrong, he i5\in 
trouble- Pilots have^ to accustom themselves to flying on instr^* 
mehts.* 
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|ur« 15. Stmicifcular canal afftcttd by intrtia. Each stmjctfcular canal is fill 
'luid, Tht fluid mov«s as th« body or aircraft rotaUt and causos tht citl^ 
s) 10 b«nd. Tht halr^ c«IU ar« conn«ct«d n«rv« tndmgt thai report TKi 

stnsation to tht brain. 
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Figur* 16. Otolith argOQ afftcttd by intrtio. As th* head or th* aircraft mav*s, th* 
ataliths may* at)6 causo th* hair c*|ls ta b*nd. Th* hair c*lls ar* cannect*d with n*rv*' 
*rtdings that rSpart th* s*nsatian ta th* brain. 

ACCEI,ERA1I0N AM) DKCELERAl ION: INCREASED G-KORCES 

Although the effects of acceleration and deceleration during 
commercial flights ma> cause some passengers to experience dis- 
orientation and motion sickness, these effects are not prolonged 
and severe enough to be classed as flight ^tresses. When jN^nili- 
tary pilots maneuver or 'when astronauts are launched or re- 
covered, hpwcver, they m^y be subjected to severe stress from 
the effects of acceleration and deceleration. ; 

Speed in itself does not harm the body. In your location dn the 
earth you are revolving around the sua at an average speed of 
64,800 mph, but you are unharmed. In fact, you have itb feeling 
that the earth is moving. Stresses on the body occur only as a 
result of the forces which produce ^acceleration or deceleration. 
You 'experience these forces, in a mild form, when an automo- 
bile starts ^or stops suddenly and either throws >ou back against 
the seat or forward toward the dashboard. In flight, these forces 
fhay be excessive and prolonged. When the body is subjected 
to large amounts of acceleration or deceleration during flight, the 
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Stresses are felt as increases in weight, or gravity force, or. what 
are known as increased G-forces. 

On the ground it is a simple matter to compute G-force. Under 
normal conditions it is a.fofce of 1 G (one eart^h gravity force) 
exerted upon the body and acting Jn a direction toward the cen- 
ter of the earth. In flight the G-forces might be exerted in dif- 
ferent^ directions, depending i^on the kind of bank, turn, or spi^. 

, In flight the G-forces may increase greatly; and they may act in 
any direction on the body. The principal kinds of increased G- 
forces in flight are the positive and negative G-forces^ A positive 
'G*forcc acts 'from head to foot, just as the normal gravity force 
does when a man is in a standing position on the, ground (Fig. 
17). A negative- G-force acts from foot to head, or " as gravity 
'would act npon a man standing on l?is head. A negative G-force 
occurs only .rarely, such as when the aircraft makes a nose-over. 

Under a positive 4 G-force, a seated pilot ^^ho weighs 150 
pounds on the groundT would weigh 600 pounds. He would be 

. pulled down 'into the seat, his arms and legs would feel like lead, 
his cheeks would sag, and he would be^ incapable of any free 
body movement. At 5^ G a seated piloi is likely to bljick out. The 
effects of increased G-forces on the body -vary greatly from one 
persorf to another, howfever. They also vary, according to. the rate 
or anjount of the force, the length of time the force is sustained, 
and the direction in which the force is exerted on the body. 

, Research has shown that^ there are thrpe principal ways iof 
counteracting excessive G-forces.^ \i) train the pilot to cope with 
these forces, (2) change the position of the pilot in the flight 
machine so that the G-forces act across the trunk of the body 
(are transverse rather than positive or negative), and (3) equip • 

^ the pilot with a G-suit (described in Chapter 3). All three methods 
are used in spaceflight, but only the first and third methods are 
used in aviation- ' 

NOISE AND VIBRATION 

Iricreased G-forces may present serious flight stresses only for 
military pilots and for astronauts, but all pilots are subjected to 
noise and vibration. Recent studies* by the National Aeronautics 
ai^d Space Administration (NASA) have identified noise as the 
number one^ problem of civil aviation. This includes both the 
noises that affect the pilot and crew in the aircraft and the com- 
munity n^ar the airport. Noise And vibration probably cause fliers 
more incpnvcniencc and annoyance than any other factor in 
flight. Both undoubtedly have/an important part in producing 
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headaches\ visual and auditory fatigue, airsickne&s, and the gen- 
• oral discomfort experienced at the end of a long flight. Of greater' 
concern is the fact Uiat constant exposure to loud noises may 
cause perjnanent dlamage to a flier's ears. 

the unit of sound intensity, or loudness, is the dedbel (db). 
The decibel scale is a relative one; expressing how much greater 
one sound intensity is than anoUier. In common usage the nojlsc 
level is referred to as being pf so many decibels, but the ear^ senses 
sound not pnly by its intensity but also by audiowave frequency. 
^ ^S6und frequency is. measured in, cycled per second (cps). Two 
sounds^'of the same intensity afid fre'quency are sensed as^beJng 




Figurt 17. Poiitlvt and ntgativ* G'forcti. Tht^body is <{{tttd with blood and Athtr ^ 
fluids that act tikt a column of static wattr. Prtssurt, is grtattst at tht bottom <ff tht 
.column pf fluids. If tht G forct is posltivt, prtssurt is grtattst at. tht fttt, if ntfgativt, 
at tht htad. Tht crucial part of tht blood column is thot bttwttn iht htart and tht 
brain and tyti. This part is dbdut 30 cm (about 12 inchts) high. 
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equally loud. Twp sounds of the same intensity but of different 
frequencies are sensed by {he car as being of different loudness. 

Both propelfer-driven and jet aircraft produce noise of high in- 
,tensity. Propeller-driven aircraft produce high noise levels in the 
low-frequency range and jet aircraft' in the high-frequency fange 
Most of the noise from aircraft originates in the engines. Jet 
aircraft that break through the sound barrier also produce a loud 
sonic boom, but the pilot does not hpar this. 

With spacecraft, as with aircraft, most noise originates in the en- 
gines. Astronauts are not subj.ected to aerodynamic noise in orbit, 
as there is no atmosphere to produce shock waves or carry 
sound. The noises heard inside the spacecraft in orbit are those 
produced when a, large rocket thruster is fired to change orbit 
or small jet thruSleSfe, are fired to stabilize the spacecraft in orbit. 
Up to the present time no significant amount of noise has been, 
observed upon reentry, but noise levels are extremely high at 
launch, when the giant rocket engines of the booster are fired. 

The safe level of noise for a pilot or astronaut varies with the 
individual, and the frequency pf the noise, as well aS its intensity, 
must be taken into consideration. For any given individual, the 
longer the time he is exposed \o a noise and the more intense it is, 
the greater will be the danger of damage to the ears. Noise levels 
of ^130 decibels or above are dangerous <Fifi. 18), and no one should 
be exposed to them without some kind of*protectioH in the form of 
ear muffs or ear plugs. Noise levels of 145 to 150 decibels mark 
the limits of man's tolerance. A person exposed to soun^.at these 
levels for only about a minute would suffer permanent dan^a^e to 
his hearing mechanism. 

Vibrations are measured in frequencies. Vibrations are side-to- 
side and up-and-down motions. The \isual ^^ource of vibration 
in aircraft and spacecraft is tl^e power plant ft^lf. The design of. 
the aircraft or space booster may contribute to the vibration, but 
the pilot oi;*^^fronaut can do nothing about this once the ve- 
hicle is built. 

One of the effects of vibration in aircraft is to blur the vision. 
Such bli^rring may be experienced by pilots subjected to buffet- 
ing as they take the aircraft through the sound barrier. In aircraft 
traveling at subsonic speeds the principal effect of vibration is to 
cause fatigue and irritability, but it is possible that the pilot may 
become hypnotized as a result of rhythmic mono^nous vibration. 

Noise and vibration decrease the pilot's efficiency. Extremes of 
heat and cold also affect efficiency. 

' • 40" ' . . • 
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kEAT AND COLD DURING FLIGHT 



When aircraft first began to fly at higher altitudes, one of the 
big problems was to protect aircrews against the frigid tempera- 
lures. Now dold at^altidide is ^ problem onkf for the smaller, 
slower aircraft that fl> ^t what are now considered the lower alti- 
tudes. High -performance aircraft havejifessurized cabins with con- 
trolled,, heating and cooling. 

With high-performance aircraft and with spacecraft the main 
problem is Jhe reverse: to dissipate heat and keep the cabin com- 
fortable. Within a closed c^bin, heat buildfe up as it is 'given off by 
tUt human body and the power systems. The larges^' amount of 

/ . / ■-/. ■■/,/ 




, ^ ,Figur« 18. NoUt productd by \%i and rockat ongintt. Tht prttturtjor inttnsily of iht 
noitt is txprtntd in dtcibtjt, tht frtqutncy *n cycttt p«r ttcond. Nott how thtt noitt 
J. comparts with mort familiar kincit of noitt. i 
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heat, however, is generated on the skin of the aircraft' or sf 
craft as it travels at high speeds through the. atmosphere. An^ air- 
craft that is fl>ing at a speed twice that of sound has. skin tempera- 

^tures increased by, ib^ut 400 degrees F. as a result of aerody- 
namic heating. The Apollo command module, as it reent^cd the 
atmosphere upon return from the moon, reached a searinfg 5,000 
degrees F. Flames burst around the module, and it would have 

~ been completely burned UplfTt had not beenfor ablation cooling, 
or cooling by melting of surface materials trom the heat shield. 
The cabin inside a spacecraft is cooled by ait<onditioning equip* 

^ ment, much as the cabin of a high-perfibrmance aircraft is. 

To keep man comfortable within In inclosed cabin or cock- 
pit, engineers have ^designed systems Ao keep temperatures at 70 
to 75 degrees F. and to control the /humidity. The human body, 
a heat-producing machine, maintaip^n temperatures at 

about 98.6 dtgrees F, and skin temperatures at about 92 degi'ccs 
F. Man helps to regulate the temperature of his body bw the kind 
of flight clothing lie wears. If the eavirpnmental control System and 
the clothing do not keep the body at comfortable tdmpcraturcs, 
the body itself^ makes an ^^djustmeni through ^uch processes as 
shivering, perspiring, and enlarging, the blood vessels to bring 
more blood close to the surface of Ahe skin. Under the most se- 
vere stress of heat and /cold the internal temperature of the body 
does not change markeWly. 

Since cooling and heating systenis in unpressurizc^d aircraft are 
still affected by the temperature ot the surrounding air and since 
aircraft jand spacecraft cabins may undergo decompression, flight 
physiologists are inte ested in knowing about the temperatures 
that might be expected at different levels of- the atmosphere, as 
described earlier. As the surrounding temperature begins-Hg^ vary 
from the ideal, man experiences, discomfort, and efficiency drops 
off rapidly. ^ 

There are two dangers associated with exposure of the body to 
the cold. The most immediate danger is frostbite on hands, feet, 
face, and ears. Frostbite is the actual freezing of fluids ia the body^ 
Jissue&* The second danger is^ thai continued exposure to low tem * 
perature will reduce efficiency tp the point where safe operation 
of the aircraft or spacecraft is impossible. The temperature at 
which the cold seriously interferes with efficiency depends upon, 
other factors jn addition to temperature, silch as air circulation, 
length of time exposed, clothing, and general physical coi^dition. 

At temperatures over 65 degrees F., discomfort, irritabilfty, and 
loss of efficiency are pronounced. JHigh temperatures also reduce 
ability to cope with 6ther stresses, such as increased G-forces and 
hypoxia. " ' 
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resulting from heat and cold may cau/e loss 
not often placed in danger fropi such stress, 
pors, on the other hand, cause loss of ef- 



ficiency .and quickly bigDme a threat to survival. j 




NOXIOUS. GASfeS AND VALORS 



Ins^c^e an inclosed cabin, noxious gases and vapors, or gases and 
vapofs that harm the body, may accumulate. In aircraft cabins 
that are not completely closed the problem is not a serious one. 
In such aircraft the air pumped .In from the outside and compressed 
is constantl> dumped overboard at a high rate, carrying^th it 
harmful gases ahd vapors, *such as carbon monoxide. In aircraft 
that fly above 50,00Q feet and in spacecraft, however, the cabin 
is completely closed. In this Kind of cabin there can be no waste- 
ful changing of the breathing atmosphere in order to k^p it pure. 
The atmosphere must be recirculated and reused over and over 
"again. Maintaining a pure .treathing atmosphere is especially im- 
portant in spacecraft, as astronauts must remain in the spacecraft 
^ for extended periods. In spacecraft t^ere is an enviromrietttal con- 
^ trol system for cleaning |md deodorizing the atmosphere and re- 
; moving ioxic materials from ir. . . ^ / - 7 . . ' 

, ^ aircraft or spacecraft calkin is not likely to .become con- 
taminated from the liquid oxygen .^LOX) or compressed oxygen 
carried on 6oard to supply t)ie |)reathing atmosphere 0)r from* riie 
equipment itself. The oxygen is carefully inspected, and all equip-' 
mem for suppl>ing an Artificial atmosphere is tested oh the ground 
before being used in ^flight. The 'l)reathing atmosphere can easily 
become contaminated, from inside ^kources, however, if care is not 
used. The atmosphere ma> receivq harmful gases and vapors, from 
such sources as the byproducts of human respiration and body 

. wastes and from exhaust gases, fire extinguishers, fuels, hydraulic 
fluid, and antiicing fluid. Probabl> the most serious cpntaminants 
are carbon monoxidb and carbon dioxide. 

Cai[bon monoxidb is^^the colorless, odorless, and tasteless gas 
that has caused deaiths when autbmobile engines were left running 
in closed garages. j| Aircraft engines may also give off carbon 
monoxide, and it ^ found in cigar and cigarette smoke. When 
carbon monoxide is inhaled, it passes into Uie lungs through the 
alyeolar walls into the bloodstream. The red blood cells absorb 
c^roon monoxide 200 to 300 times more readily than they do 
oxyg(;n. For this reason onI> a small amount of carbon monoxide 
in flic atmosphere may be fatal, in Air Force aircraft th6 allow- 

, ^al^^e amount of carbon monoxide is 'only 0.005 percent, or 50 
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parts per million. As little as 0.02 percent of carbon monoxide 
in the breathing atmosphere, or 200 parts per million, can cause 
headaches, and '0.1 6 percent may cause death in two hours. 

If the air withirran Tnclosed cabin is not purified, carbon di- 
t^ide sooRy^accumulates from humah breathing. At sea level the 
body begins \o react to concentra^ons of carbon dioxide as low 
as 1 percent, the amount of reaction dqpendii^ upon the time of 
exposure. Concentrations of 7 to 10 percent carbon dioxide can 
cause impairment of vision and hearing, as well as affecting respira- 
tion. Concentrations above 10 percent result in lois of conscious- 
ness aiid death. As the altitude incr^rases, smalldr concentrations 
of carbon dioxide become harmful ami finally letlpl. ^ 

In the spacecraft carbon jfioxide IsJiltered oujf, and the breath/^/ 
ing atmosphere/ is recycled into pure oxygen. In/aircraft, sufficieau 
oxygen supplies can be/carried on board, and rc/cycling is not nec;V 
essary. In aircraft the, pilot may have instruments for measuring 
the purity of the atmosphere. If he suspects that contaminan\( 
are present that cannbt be detected with the /instruments he 
he submits ^amples of the atmosphere for testing (Fig. 19). 

In addition to the stresses that are normally imposed cn ithe 
human body during flight, man imposes otHer stresses upon him- 
self. ^ I ■ - 
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For the pilot, self -imposed! stresses Tinclude all the things that 
he does that he should not do^ or ncgledls .that he sholild do. Self- 
1m{)osed stresses include excessive or umvise use of drugs, alcohol, 
oc tobacco, or neglecting to get enough rest and exercise, or fail- 
ing to eat the right kinds and amounts of food. . Self-imposed 
str^^s are not a problem. with ^tronauts, as they are even more 
carefully screened than pilots are, and they are isolated before 

^liftoff. No astronaut is allSwed to fly ^f there is any danger of in- 

'disposition during flight 

iikc the astronauts, most pilots Idarn to discipline themselves 
anc followc a careful program of gj>od diet, exercise, and rest, 
anc they abstain from alcoholic beverages before flight time. A 
nil J of thuirib for pilots is that thoTe must be "eight hours be- 
tw€ en the ^b^ttle and the thfottlc." Sometimes, ^owever^ pilots do 
not realize how much self-imposed stress may, result from only 
onij drink or from taking ordinary over-the-c6unteB ^medicationi 
likj aspirin. Practices that cause no apparent harm to the body on 
th< ground may, place stresses^ on the body at altitude becau&e 
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ihcy interfere with the ^intake of bxygcn. Thq m^&t iigaificanl 
/ sources of self-imposed stresses arcy alcohol, tobacco, and drugs. 

*- Atcohol * 

The effect of-<iivaicolioliL drink'is magnified at altitude. Even 
at the I relatively low levels of 10,000 to 12,000 feet, a pilot- 
would /show a falling off in his performance if he took one drink. 
One c^ink at 10,000 (cct can have the same effect as two or three 
drinks a( sea level. A pilot* cannot afford even a small decrease, in, 
efficiency. He has to keep his nnfind clear and his judgment keen 
to make important decisions insitantly, and he jtiust be able to 
^ speak distinctly and hear well tOt<ommunicatc with ground control. 
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Cigairettcs contain hmiftvA lacptirt^. and the deadly carfarni* 
monoxide makts ,^jp:2.5 pe^ntot the* volume cigauette. smoke\ 
and more of the x^sar smojce. iCtJie, snjoke of* tltrce cigarettes i^ 
inhaled at levels ^ blo<>^. ^atur^ion.or4 percent carbon- mo- 
noxide tt^ay Result .tliis witt;.f^ucc ability to see. clearly '^nd 
• ability to' adapt c^e*s ey^ to tiie'dark^t sek level to'^t^e same ex- 
tent ^as in a person expericncin^.:^ild' hypoxia at 8,000 feet. SmoV 
"ing at J0,000vf«et produces effects, equivalent to" those, expcri^; 
enced 14,000 feet without smdkirtg/The eff^as of'smdking at 
higher altitudes are^even mdPe harmful jVith heavy^?mokif)g, blood 
.saturation' yidth 8 percent carbon jnonoxid.c may result. This causes 
a corresponding drop in tfte attpunt df^ oxygen the blood, 
which leads to hypoiXia. V ' */ * ,^ 



Drugs 



Aspirin is., probably the most frequently used dtug sold'dver thi 
counter. It causes no toxjc effect^ 'when used ih njoderation on^ 
the grb'und.and.^could be used .safely during flight.^ If used^k^ces- 
sively a.t ahitudte'^ ftpwev^r, .it could interf<jfc with absorption •of 
oxygen by the bloo^ aijd cause problems. E>^n nasa^'.'^decong^^- * 
.tants, if'.usedf..QXcesshre'^^,' cati xanse. sclf-imposBd Jstres$fe^ at alii- 
..tude. No tranquiUzeKwtor sedatives sboiSd .be/d^ed b/ pilots ])^-_ 
.fore aight. JJiey. avou][^.. cause" djlzzine^'s tod dulling .of ^j^fiigmerif 
gt, altitude. Jf^a pilot ne^^ medidation, ha prpbablj* i.s not (it to^ 
*y and ^shoulS consult his -xiodtor^/ - > ^ ' '• b 

As the human bociy is subjected .tp selt4tnposcd stresses^ a^; 
' well as .the of4inay3t. stresses 'c$* ffSght,. it reac^ fO "k^p tlje eells 
qnd tissues in tHe. san\e*-cdnditiQn.-as it* ^ea ^Vel i^s. manjhas 
progressed: in Jli^m thro^lgh the "atmosphere and into ' space', . he;^ 
Jias learned. mor<i ^bout '.d^unteri^ flight .\ttS^es! He 'Jjij cjtoke*" 
'.jhis through Vbc i)rpfcssjoris of acr6st>ace medifine '^d human en-' 
gincering: {-"V.^ '\ - ' * ^ 'i; \ - - . - ^. 



gincenng: 

oxygen:.; ; A'- . ' c^ghysi^^rcat^one:/:;^ 

nitrogen \ * - . , . tphysiolb^ical*<}eficieritV^:pn9 ^.^^ 

troposphere , \ \ partial -^ace-e^viii^alenf^zone'^^ 

kratospl^0re ' * to6il spaciircgiSyalcnt zone ; ' 

ionosphere ' ^ le^piratibn T \ r^^ , 

exospherc ' ... ^ . troachi (bronchial 'tubc^^^ - 



1 ; ; 

Tjilv^Qlds (pi., alvpoli)/ * 
A iho rax • 
[diaphragm 
' .\respl^atioii cycje 
inhalation 
VI. ^:ixhalation~ 

intridcs 



xia 



PliySlOLOQV OF FUGHT;*^ * '* - 

V .retina ' 

cones 'V-v-., 
./rods • *. • 

ott-cedt.er vision** V. 
dark 'a^a^tatipn ■ V* 

visibililX'-'-'-i. ' 
visual iUusidiir. > 
spatiiil disorientation 
motip*i}*:j5^ic]^0s$ 
sensfe^ifci h.alaii^ in inner ear 
muscle' s^^i^d of balance*; 
iemiqirciflikClcaijlals 
otolith . organs .fV-* 

a^jBldratib^.^/^'."' 
dcceleir&ticJt^-, 



;iime of useful consciousness 
. jhyp^entilation 
trapped gases 
t - outer »af* ^ 
/• = ; :5iid(Jlc ear . 

' iiin^v^r ^ ' ."^ ^ 

iv . ,eu^f^thiari (yew STAY sheii) tube G-foj5ies '* 
^:ear *bl«Jc. positive .(C-fdrcc 

^Vs)^s broik- . : ' ' ' ^ — 

to^i^^pam. /; ''\ 
gsi^is^iXif^pp'id} isi stomach and 
/V^^ 'j;/ 1nt.€^^^ / 
zd^'^Si <ie9)ii\pjrossi/o sicloiesr. 
''^' -v^r;.. bends ^ ' - ^ 



•^ijl/deq&nRn^ 
vi^icm/* 

T5oyfe^s^law . 




flegative'fQrjEorce ^ 
noise level: , 

desj^bel ' ' ; " ' 
vilrojibns / 
. aerofjjii^unic heating 
, frostbit";..-: 
noxious <gases and vapors 
carbon monoxide ^ 
•carbon dioxide 



LAWS. OF GASES 



Henry'5 law 



QU.ES-TIONS 



• . 1- vlfi^d- Kcp the tW6 Uyers of the ttmo^hc^ in which ahrcmft fly? 

''.5 *f ^ '** > t ihVl^e.^hyslold^cal divisions in which aircraft fly? 
' * ' *v * '* * • 

" ; ' *i^-,Wijit b Palt6tt** Uw? How does this law determine the oxygen pressure - 
/. * rtQuli:ed for *the lurtathing atmosphere of the spacecraft and the space ' 

i-^M'"^^ ■ I.:- : /.■•"••• \ 

' 'I . f 3* kow^^ajn; the Tt$^\aiior^ and c^ctulatory /ystems affected" by fliglit to 
*V. :n V.*lgher altitude*? . ^ ' . . , 

J4. .What causjfs hyjMViIat What causes hyperventilation? Why is hypo)^ia 
• specially dangerous? 
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5. What is meant by the time of useful consciousness? How b it affected 
by-altitude? 

6. Wiiat is meant by an ear blocIcT How can it be prevented? 

^ 1^. Where arc gases mosl lilcely to become trapped in the bod> at altitude? 

What b meant b> decompressiou sicluiess? What are some forms of 
M decompression sickness? 

9.1 Why is good vidon espechUIy important to a flier? Why is a flier liable 
' to be affe<;ted by visual iiiusions? 

10. nVhat part of the flier's e>e functions in day visiiDn? in night vision? 
Hvh> have aircraft cabins been traditionally 4IlQminated with a red light 
lit night? , • 

'11. What /three means does a pilot use to maintain balance and orient him- 
self during flight? What causes disorienUtion during flight? 

12. What is.meant by the G-forces? What causes increased G>forces during 
flight? 

13. How do excessive noise and vibration harm the pilot? 

14. Does excessive heat or excessive cold present the greater problem in the 
flight of modem high-performance aircraft? ,Why? 

15. What harmfuf gases are most apt to build up in an aircraft cabin? 

16. What is mc^t b> self-imposed stresses? Can these present a serious 
danger to the pilot? 



THINGS TO DO 

t 

, "With the h</\p of your biology^ teacher, work out an experiment on de- 
creased atmospheric pressure with increased altitude. Use a series of 
chambers ^supplied with varying amounts of air and oxygen. Test the 
effects of reduced oxygen, [Tressurc on experimental aniq^als.. Relate the. 
reduced oxygen pressure ip the chambers to reduced barometric pressures 
at altitude. What does tbis tell you about the effects Of reduced oxygen 
pressure on the flier Jit high altitudes? What is hypoxia? How docs i( 
affect fliers? What^ done to prevent hypoxia? * ' 

2. With the hclp^i>/^hc physiv^s teacher, set up an experiment demonstrating 
the operation of Boyle's law. the volume of a gas is inversely proportional 
to its pressure if the temperature remains coi^tantT'How docs this law 
explain the presence of trapped gases in the body at altitude? 

3. With the help of the physics and biology teachers, set up an experiment 
dcmonstratihg the mechanical operation of the lungs. You might use a 
large jar and a small balloon and pump. Explain^ to the class why we 
had to learn about the mechanical process of breathing before wc could 
make workable oxygen systems. What happens to the breathing cycle 
during pressure breathing? 

'4. Make a study of the circulatory system. Make a diagram or model to 
show how the heart pumps blood to the principal parts of the body. 
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Explain how oxygen li supplied to the oclls. What happens to the circula- 
tory system under reduced pressure' at altitude? 

Expl^to the class the me^ns that can be used to prevent an car block. 
DemcJniliate the Valsalva procedure. This js done by closing the mouth, 
holding the nose, and blowing. This action- forces' air up tjie eustachian 
tiibc into the middle eaf,/DraM£ a diagram to explain to the class what 
happtns* during the valsalva procedure. Hoy^ is* pressure in the middle 
ear usually equalized with that of the ambient qtipospherc dutmg descent? 
Why docs the airfine hostfcss usually" waken sleeping passengers before 
tdescetit? . . . . , , 

n to the members of the class the cause of decompression sickness; 
A- sihiple'way fs to take the cap off a pop bottle and have them watch 
the bubl^t<i* escape A similar phenomenon occurs when nitrogen ^jvolves, 
or goes out Df 'solution in the body, at altitude. The nitrpgen bubbles off 
frdm ihe blood and bther *ody fluids and collects at the joints, (This 
process, caimot, of course, be seen. You might draw a diagram to show 
bubbles forming inside the body at a joint.) The flier (or deep-sea divert 
max bend over fr6m pain, thisjs^hy this form of decompression sickness 
is called the bends. The bubbles are minute and very nymerdus. What 
^re. other forms of^ decompression sickne$s besides the 'bends? How 
is'^iJccQr^pression sickness treated in a pressure chamber? ' . 

7'Why is good vision important^to .the flier? Demonstrate .to the class 
\ how the pilot has few visual cues during flight. 'Explain what happens 
/ when the pilot mistakes a bank of clouds for the horizon. What arc some 
. ' * other visual illusions that a pilot migl^i hayp during flight? 

8 A group of four to six students might form a team to make a study of 
balance and orientation during flight. Three of the group might submit 
themselves to being sjAm around xSn a rotating chair and describe theif 
sensations. Demonstrate to the ^lass that the students ^are disorie^jted. 
What three nieans docs a, pilot use to maintain balance" and -orientation 
during flight? One of the students in the group might use a diagram or 
model of the inner ear .ta txplain what happens to cause disorientation- 
during flight. Explain {)xt purpose of the semicircular canals and the 
otolith organs. * / 
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THIS C^HAPtER 'explains how sptcialists in tht fitid of atrospace mtdicint. 
and human tnginttring tiave | combined their knowledge 'and slcills to enable 
mah to progress in flight through the atmosphere to the fringe pf space. The 
chapter relates how early tlalloonists and physiologists studied the Iqwer 
atmosphere and how aerospace hiedicine ar\^ hutnon engineering began. 
^ Next it expldins the services porfofmcd by flight surjgeons and human 
^ engineers. Finally, the chapter tells how test pilots and later ballo6nists helped 
to make flight safe in high performance, aircraft and how th6y and anirpal 
astronauts , prepared the way for spaceflight. After you * have, stucfied this 
chapter, you should be able to do the following. {\) explain how the early 
balloonists and physiologists' prepared the way for aircraft flight, (2) tell three 
services that a flight surgeon f^erforms for fliers, (3) expkajn how the human 
engineer matches man and machine, and (4} describe two flights made in 
the upper atmosphere and tf^ll how they prepared the way for spaceflight. 



"When M^AN first climbed into ar/ airplane to go aloft some 
seventy years ago, he had to adjust /to the cramped quarters of 
the cockpit and to the noise and vipration of the engine. None 
of the early flights lasted long enough or went high enough, 
however, to cause serious flighrstresse* . / 

By the time of World War II, li^raft had undergone many 
changes, and flight stresses were becoming severe. ^ The P-38 
Lightning, which first saw action in/ 1941, was finally able to fly 
at speeds of more than 410 mph a^ at , altitudes as high as 33,000 
feet. The P-47, which came intoyusd about the same time, reached 
speeds of more than 425 mph^nd | flew .as high as 42,000 feet. 
The P-80 Shooting Star, Am6rica's| first operational jet fighter, 
first announced in 1944, wa/ finally capable of speeds of more 
than 550 mph and of altitudes over 45,000 feet. To defeat the 
enemy, a pilot had to be jb\c to take his aircraft' to the limits 

EMC ■ "50 



* HUMAN RE0UIREM6nTS OF FLIGHT , ' 

of its speed, and maneu\erabilit> and tcy^kS^^ltitude ceiling. In fl>- 
ing in a hostile environment and in nja/euvering, pilots were being 
subjected to all kinds 6f flight slfcsses. ; ' ^ ^ 
, To counter the stresses of flight in high-performance aircraft, 
man has had to learn more ^bout the human bod> and the s^^a> 
it reacts to flight, and he has had to learn how to design and 
produce more efficient kinds of protective equipment aiid cloth- 
ing. The prescjnt-day kndwledge of flight physiology, outlined in 
Chapter 1, ms developed through a bratich 6t medicine now 
known ,as aerospace medicine. Medical • knpw ledge formed the 
foundation, but this knowledge had to be combined with the" 
knowledge and skill of engineers. The branch of engineering that 
specializes In meeting the human requirements of flight is called 
human engineering* * t 

The challenge has been to bring togetherythe knowledge and 
skills of specialists in both the field of aero«)ace medicine and 
humap cngineerirtg in order to produce practitol results. The, re- 
sults have taken the form of better designed aircraft, improved 
oxygen systems and pressure suits, and finallV the pressurized 
cabin. ;/ \ 

Aerospace medicine includes both aviation njedicine and space 
medicine. Since jhere is rto real boundary line, between air and 
space, as pointed out in ChapXpr there can ^e no real division 
between aviation medicine and space, medicine, and the two are 
now considered as one brancji of medicine.* Aerospace medicine 
is concerned mainly with the injuries ^nd problems brought about 
by stressejs from flight through the atmosp|ierc( and space^ and* 
our survey fpcuse^ on these. " I • ' , • 

UKGINMNGS OF AEROSPACE !^1EDICINK • 

Aei^ospace medicine was established in the United States with 
the founding of the first Army aviation medical research labora- 
tory at Hazelhurst Field on Long Island, New York, in lSjl8. 
Research conducted in this laboratory was to give support to ,Qur 
fliers during Wprld War I. The real beginnings of aerospace medi- , 
cine go back much eadier, however, to studies with balloons. The 
earliest studies with balloons provided for a gradual accumula- 
tion of knowledge about flight stresses long before aircraft, were 
flying, c , ^ 

Bfllloonl$ts and Early Studies of the Atmosphere 

The Study of flight physiology started' with the balloon ascen- 
sions of the Nfontgolfier brothers, Joseph and Etiennc. In 1783 
they sent up a hot-air balloon in a demonstration for Louis XVI 
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of France '^and his court dt Versailles. This was a kind of preliml- 
nary unmanned flight made with a sheep, a cock, and a duck. 
The passengers rose to an altitude of 1,500 feet and returned ^ 
to the earth unharmed, to the wonderment of ihost assembled. 

In the same year the French physicist Jacques Charles made a 
flight with a hydrogen balloon that floated fre<^. When he as- 
cended to an altitude of 9,000 feet, he suffered a severe pain in 
his right ear, which he correctly attributed to gas trapped in the 
middle ear. 

In 1785 the American doctor John Jeffrie^, with French bal- 
loonist Jean-Pierre Blanchard, crossed the English Channel with a 
[hydrogen balloon (Fig. 20), This long-range balloon flight created 
*.about as much excitement as any later event in aviation. On this, 
\heir second balloon flight, the two men carried a thermometer, a 
barometer, and other instruments to study the upper air. As they 
tAok off from Dover, their balloon began to rise at an alarming 
rate. ITiey hastily released gas and probably released too much. 






Figurt 20. Bolloon flight of Jtffriti and Blonchord. Tht oors wtrt mttndtd to htlp 
ttttr tht bodoon. Thty did not work and wrt* diicordtd, togtthtr with othtr 
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Abom halfway across the Channel the balloon began to drop. To 
^vbid disaster, the two men began throwing objects overboard 
ao lighten their load. After th^ sacrificed their scientific instru- 
ments, the balloon began to rise^ again. Everything again went well 
until they approached )he coast of France. Then the balloon be- 
gan to descend rapidly, and from this point on it Was one con- 
stant struggle. To 'lighten the lo^d, the two passengers began to 
disrobe and discard their clothin|g. Finally the balloon was over 
the treetops, and they maneuvere^i it to a safe landing, shivering 
and almost naked. Jeffries and JBlanchard were given a hero's 
welcome in Calais and then Parish Doctor Jeffries returned to the 
\ United States to write of his, experiences. The John Jeffries Award 
^ is presented each year to the doctor who makes the greatest 
contribtition to aviation medicinCi^ 

After the Channel crossing, an mtqrest in balloon ascensions 
swept over Europe. Hunoreds of flights vyerc mad^e, 'some simply 
for the thrill but many iil^ the interest of ^ience. 

A ?light of special scientific^ interest was that made by two ^ 
Ehglisnmen, Coxwell and .Glaisher (Fig. 2J). After ^27 other 
flights^. a)[so..spQnsdr^(}.j>y..|he. Britisli AsspciitW the Ad- 
vancement of Science, these two men made their historic flight 
^ /in September 1862. When they^ reached an altitude; of 18,000 feet, 
^ their troubles began. Because^ of lack of oxygen, they became so 
weak that they had difficultv/in reading their instruments. Unfor- 
tunately, the balloon cordJoecame tangled, and Ihey could not 
release gas to allow th? oalloon to descend. Instead they ' con- 
. tinued to go higher. Before long Glaisher lost his .yision, and in 
total darkness at 29,000 feet he lapsed into ut^^onsciousness. 
I^inally he recovered consciousness and continued P observe his 
! sfymptoms. CoxwelKs hand had become numb from|.the cold, but 
he was finally able to grasp the ballpon c6rd with )iis teeth and 
release gas. The balloon descended, and both passengers sur- 
vived. Glaisher later described his symptoms of (fXygen starva- < 
• tion in^grapliic terms. , x ' 

Soon after the flight of Glaisher and Coxwell, Paul Bert 
(1833-1886), a French physiologist, conducted the e?iperiments 
with barometric pressure which he later described in his fajnous 
book. Bert rather tVian the balloonists became known as the 
Father of Aviation Medicirie. As early al5 1870 Bert put sparrows 
in sealed glass jars ofXvarious sizes which were filled with oxygen 
and air-oxygen mixturss. He was studying the effects of these 
different atmospheres on survival. During the next eight years Bert> 
was to conduct some 700 experimbnts with vaj-ying atmospheric 
pressures. In his experiments he related the conditions of increasefi 
atmospheric, pressure for men working underwater with those of 

^ ^ — - 
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dectcased atmospheric pressure encountered in mountain tra\el 
and high-altitude flight. Bert was able to prove that the principal 
effects of altitude on the body 4re caused b> ihc partial pressure ' 
of oxygen.' Bert also maple the first low-px^ure chamber, or al- 
titude /chamlrer. This is an airti^t tank (ng.' 22) in which the'' 
atmosjiheric pressure can be varied to simulate^ iny altitude of 
flight. • . ' . 

, After Paul Bert, had conducted experiiinents in }iis altitude 
chamber in Paris, wo balloonists visited ihint: The balloonists, 
Sivel and Croce-Spinelli, subjected themselves to low , pressures 
in the chamber and .learned how to ^otect themselves through 
the use of oxygen. After making a successful, high-altitude balloon 
flight, with the aid 'of bags containing a nitrogen-oxjgen mixture, 
^ey. decided to try a second experiment. On this trip, made in 
.1875;^ they were accompanied by^a third balloonist named Tis- 
sandier. Unfortunately, the three balloonist^ did not provide them- 
selves with enough oxygen,,and they" decide'd to refrain from using 
it as long as they could. Bert sent th^m a warning, but the letter 
did not arrive in time, <iand the balloonists went ahead vvith their 
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y plans/ By the time the> were aloft and were aware they were 
. suffering from oxygen starvation, they had alr^dy become par- 
^\ , alyzed and cbuld not make use of their mea^r suppl> of oxygen. 
^ They became unconscious as a result. Their c^lloon ascended to 
28,820 feet and then descended on its own^ carrjung the uncon- 
scious occupants back to earth. When TissaJfflier revived, he, found 
that his two companions were dead. The tragedy caused Bert to 
renew his efforts to protect man against oxygen starvation. 
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two decades after BertV4salh, interest in flight physi- 
revived when the Wfigljt brothef^^uccessfully flew the 
first airplane. Further interest in aviation medicine was stimulated 
during World War I. During the war Gqn. Theodore C. Lyster 
was appointed Surgeon General of the Aviation Section of the 
Signal Corps, US Army. General Lyster is known as the fa- 
ther of Aviation Medicine in America. He was responsible for 
Establishing t|ie research laboratory' at Hazelhurst Field, in New 
York, which eventually developed into the Air Force School of 
Aerospace Medicine, now* located at Brooks Air Force Base, 
Texas. /I. . • 

The Navy, like the Armf and Air Force, did early research in 
aviation medicine. The Navy established a School of Aviation Med- 
icine at the Naval Air 'Station at Pensacola, Florida, in 1939S.,^^^^ 

Among the pioneers m research in aerospace medicine was 
Gen. Harry G. Armstrong, who served as commandant of the 
Air Force school in Tejcas and as Air Force Surgeon General. 
He compiled a standard textbook of aviation medicine, and un- 
der his direction a department of space medicine was founded at 
the Air Force school a> early as 1949. This department was 
headed by Dr. Habertus Strughold, who had served as a flight 
surgeon for the German Air Force' during World War II. Doctor 
Strughold became a pioneer in space medicine in the United States . 
just as.Wernher von Braun pioneered in the development of US 
space boosters. 

Other Organizations Supporting Aerospace Medicine 

Another important development in aviatioi^ medicine was the 
founding of medical and biological departments in aircraft manu- 
facturing companies. The very fact that such department's were set 
up showed that aircraft companies were becoming aware of the im- 
portance of human requirements in designing aircraft. ' 
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In 1929 Dh Louis H. Bauer bounded an organization for pi 
fessioaal workers interested in the human aspects of flight. The 
organization 'is at present known as the Aerospace ^edical Asso- 
ciation, and it is an international* organization^ It, comprises not 
only .doctors but alsoVothpr medical specialists, life scientists, and 
engineers who are con^rned with the medical aspects of flying 
and the adaptation of man to the environment in which he flies. 
The organization focuses its interest on the* care of flieri 

C \RE OF FLIERS ^ 
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Tlie Armed Forces have doctors who receive spe^cial training 
in the care of fliers at the .service schools of aerOspac^medicine! 
These doctors are called flight surgeons. A flight surgeon is not 
required to be a pilot, but he docs fly -as a crew member. The 
more he knows about flying, the better able he is to administer 
to the needs of , fliers. Ordinarily ddctors >do not accompany pa- 
tients who are being evacuated by air. Patfente ^n route to hos- 
pitals are placed under the care of flight nurses and medical tech- 
nicians. Flight iurgeons remain on the ground to be in readiness 
t to care for fliers pt a base or medical center. 

The ^igh-penormance jet aircraft of today make depiands on 
military pilots cf an order scarcely imagined before World War 
II. The military services realize that it may w elf be man's adapta- 
tion to fliglit rahcr^han the performance of qis aircraft that de- 
termines the vT8t tfjn any future conflict. The jet pilot's proficiency 
d(^ends upon hi^ ability to react iiOstat^tly and make decisions un* 
dcr stress. To naintain his proflCienc^, the pjlot must keep his 
m/ind and body it at all times, l^is tl)e flight surgeon who hohJs 
jhimdothis. 

The flier knows that it is the fl 
ass on his physical and mental fitj 
is the flight surgeoi 



^ho gives ,hi{ti 



that determine whethei^e can coot 
though the pilot knows n^t the 

he must not keep from hinr*w/^|knowIedge j thi .t might have\a 
bearing upon his fitness to fly 
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^s for fly 
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For the military fliet the flight surgeon is not only a personal 
gljysician but a counselor and friend ^as well. The flight surgeon 
lives and -works with the fliers during co^bati Ij[t:js interested in 
the fHer's personal problems, as w|:ll as his^ physical condition, 
because he knows that a man's mental and phy*sical condition arc 
closely related. If. for example, a flier is worrying about his fam- 
ily, he may develop a severe headache. This, in tum^ can trigger ^ 
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Flgort 23 Flight lurgton txamming pilot. Th« fligfit iyrgt<^n k««ps a constant watch 
* ovtr tht flivr's htolth. 

digestive disturbances. These additional stre^jes ma> dull the pi- 
lot's senses and cause him to use poor judgment, which ma> c^use 
an accident. ' 

Besides having concern for the pilot himself the flight surgeon is 
interested in the conditions the pilot fjnds in t le cockpit. He wants 
to know if the pilot's ox>gen equipment and clothing are ade- 
quate He makes sure that there is enough ox>gen in case of rapid 
decompression and that there are no flaws in the ejection (equip- 
ment Since the flight surgeon takes part in, the investigation of air- 
craft accidents and treats the injured, he is aware of what is 
needed to make flying s^e. He urges the flier to observe safety 
precautions and to make full use of seat belts, shoulder harnesses, 
and other protective equipment. Because flight surgeons, as well 
as the doctors who care for civil pilots, have ah all-round under- 
standing of the flier's problems, they are in a position to advise 
engineers about how to bring together man and machine. 



NlV\ VM) M \( MiNf 



One course that man cart follow in adjusting to flight is to de- 
sign the flight machine in such a way as to eliminate or reduce 
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Stress on the human bod>. This course is pursued through human 
engineering. This is an art and scien6e that relates man to the 
aircraft and the systems in it (Fig. 24). The human engineer 
uses knowledge about the life sciences to promote efficiency and 
safety in those areas where man and machine come into contact 
with each other. For example, if the pilot has difficulty in using 
a! hand control for a particular task, the engineer might design 
a. control operated by a foot pedal, leaving the pilot*s hands free 
for other tasks. 

The matching of man and machine is constantly under study 
by .the departments of human engineering in companies manufac* 
turing aircraft. Experts in these departments make use of the ser- 
vices of a host of specialists, such as biologists, blood specialists, 
heirt specialists, psychologists, and electronics engineers. 

About the time that high*performance jets were coming into 
proouctipn, the Air Force adopted, systems management for air^ 
craft. \Under this plan each aircraft is developed as a unit,yOr 
system, ^truments and controls, /training, and protective jequip- 
ment— the human requiremertts — ajce considered an important part 




Ftgur« 24. Man machm* syst*m. To fly a high p«rformanc« aircraft man mutt b«com« 
port of tfWT i/stAm. H* ut*s his myi a% i*nsors to r*ad th* dtfplays on th* ihstrumt nt 
pan«l. HH'brain inttrpr*tt whatlh* s**t. Th*n htt bram s*ndt m*tsag*t to hjs handt 
and fot to till thtm how to optrat* thfxpntr^lt. 
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Figure 25, The boiic T orrdngement. Tht flight mitrumtnti 4iv an aircraft art plactd 
d^rtctty in front of tht pilot or copilot. Tht tngmt mitrumtntt art m a bor ptrptndicu- 
^ lar to tht flight initrumtnti. « 

of each 'aircraft system. No longer, can pilots $a> that engineers 
design aircraft without regard to their needs. ■ 

Ever> control and instrument in the aircraft must be <fe\elQped 
and positioned, with the pilot in mind. Ever> time an instrument 
or a control is put into a n6w place, the pilot raust'relearn skilU, 
mtich as tl]e driver of a new model car must *]tarn a new dash- 
board But ^jecausc. an aircraft instrument panel is far, more com- 
plex than the (dashboard of an automobile, the task is far more 
difficult In militar> aircraft there has been some standardizationj, 
of the iristrument ^)ancl ever since high-performance aircraft /:ame|| 
inR) use. It is onjy in recent years, however, that agreement hasjj 
been reached permiuing a standardized arrangement of the instru-ti 
meni panel for both civil and military airaaft. The arrangement now 
agrtied upon is called *^he basic T" (Fig. 25). Under this plan 
.the flight .instruments are grouped across the top bar of the T, 
and these aro conveniently placed in front of the pilot and co- 
pilot The engine instruments are placed in the other bar of the 
T, the vertical bar, dnd these are positioned to the right of the 
pilot and the left of the copilot. ^ 
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Another area in >\hich human engineering is iin{fortant is in that 
of seryomechanisms used in aircraft. These are automatic mech- 
anisms which multiply the force exerted by a pilot to increase 
his control^ mucfi ,as power steering and ifower brakes increase 
the driver's control in an automobile. To^give the pilot the power 
that he needs, power-operated controls are a necessity in high- 
performance aircraft. They do have, certain disadvantages, how- 
ever They are complex and heavy^ adding to the weight of the 
aircraft. To the pilot they present a real problem. They take away 
from him much of the feel of control that he formerly had over 
his aircraft — what he calls u\e "feel of flying," The pilot must now 
truly become a part of the machine, learning to fly with n the cir- 
cuit of power controls as well as communications equi )ment. 

Another area in > which human engineering has played an im- 
portant part is in designing protect iye equipment for flignt In this 
field docto^have wWked closely ^with engineers. They ha\e also 
. teametL^vlfh engineers in plannmg pr^^grams for pilot training and 
in deigning flight sipiulaiprs for these programs. The practical ^re-^ 
suit/ of their work — protective ,equipmntit and pilot training — are 
described in Chapter 3. In this chapter are concemid mainly 
with research for advancing flight through the atmosphere to the 
lo>yer reaches of space. 



RKSF\R( H ON IHE KRINGK OK Sl>\( K 

Just as scientists and balloonists collected information on the 
lower atmosphere long before aircraft flew, scientists, pilots, ^nd 
balloonists investigated the lower reaches of space before man 
rocketed into space. For these investigations on the fringe of space 
they used special research aircraft, balloons, soundjng rockets, and 
spacecraft with animals on board. ^ 



Research Aircraft 



The US series of research jet and rocket aircraft, or ^the X 
series, concluded with the X-15, a black needle-nosed rocket air- 
craft with stubby wings. This aircraft collected data directly related 
to spaceflight. Two earlier research aircraft, the X-I and the X-2, 
were useful in advancing from aviation to spaceflight. These and 
other research aircraft we^re flown by highly skilled test pilots. 
Test pilots have played an important role in adapting man to flight 
and in pushing forward the frontiers of flight. * 

In the X-1 (Fig. 26), the first US rocket aircraft. Air Force 
Capt. Charles E. Ye^ger became the first man to fly faster than 
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the speed of sound. This was in October 1947. When pilots be- 
fore him^ad attempted to reach tlie speed of sound, the> were 
subjected seWre buffeting as the shock waves formed in front 
of their aircraft, and they could not fly faster. As Yeager*s 
aircraft approached the so-called sonic barrier, the buffeting be- 
came so severe that for a time it s^eqied that the aircraft would 
break apart. Then the X4j exceeded tFtev. speed of sound, and 
the shock waves were behind it.' On his historic flight Yeager was 
protected by a partial pressure suit that Doctor Henry had made 
especially for him. Yeager*s mask was not a true helmet but a 
kind of nylon sack laced in place, yet it was successful in provid- 
ing necessary pressurized oxygen. 

. The next ojbstacle to overcome was the so-called heat barrier. 
The supersonic X-2 was subjected to intense frictional heating 
even in the cold, thin atmosphere at its altitude ceiling. The pilot 
was protected with cooling equipment for his pressure suit, but 
. the, outside of the aircraft was scorched from^ aerodynamic heatmg. 
When Capt. Me^yin Apt attempted to take the X-2 to record al- 
titudo-f^at increased speed, the aircraft overheated. Both pilot and 
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aircraft were lost. Then engineers developed neW stfong light- 
weight metal alloys, such as titafaum, which could withstand 
greater heat stress, and the flights of research aircraft continued. 

The X-15, the last aircraft of the research series, was usecl to 
collect a whole range of physiological data on tlight at record al- 
titudes and speeds. This aircraft reached a speed of '4,534 mph 
and an altitude of 354,200 feet (about 67 miles). Several pilots 
flying the X-15 were able to earn an astronaut rating by taking 
this aircraft above 50 miles. The first of these pilots was Air 
Force Maj. Robert M. Wliite (Fig. 27), now General White, Com- 
mandant of Air Force ROTC. ' ,^ 

There were three models of the X-15 aircraft. Although some^ 
two hundred hazardous flights were made with these three! air- 
craft, only one pilot » and aircraft were lost. The > -15 was orle of 
the most important links in the transition from avi^ion to space- 
flight. Its later fligJlts were actuallVmade to collect data for fu- 
ture flights of the Mercury and Gemini spacecraft. The la^t flight , 
of the X-15 (the i99th flight) wW m^de in October' 1968. 
For fuller protection during flight the^ pilot of the X^l5 wore a 
full-pressure suit. 




Figur* 27. First pilot to wm an astronaut rating. Maj. Ro^*rt M. Whit* i» showa 

with ton Grtgory aft*r his record flight on 17 July 1962. Th* pilot is wtar^ng a full 
prttturt suit cooltd wifh air-conditioning tqufpmtnt. ^ 
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Balloons 



Even before the flight of the US research aircraft, began, scien- 
• tists resumed balloon flights to Ic^rn more about conditions in 
the upp'er reaches of the atmosphere. Balloons are especially valu- 
able for collecting physiological data because they can descend 
quickly in an 'emergency. Then, too, the balloonist is not dis- 
tracted by problems of piloting and control, and he "is not sub- 
jected to high G-fqrces., 

In 1931, Auguste Piccard, a Swiss physicist and aeronaut, per- 
fected the oxygen-pressure gondola for balloons to be used for 
scientific exploration. Making use of the principle developed by Pic- 
card, Captains. Orvil A. Anderson and Albert W, Stevens, of the 
US Army Air Corps, ascended to what was then the remarkable 
♦ altitude of 72,395 feet (Fig. 21), This was in W35, two years 
before the first pressurized cockpit was used in an. Ameriqan air- 
craft For the pressurized gondola of Iheir balloon ^Anderson and 
Stevens used a mixture of oxygen and nitrogen (about 50-50). 
After 1935 many balloon flights were made to investigate the con- 
ditions of the upper atmosphere. ^ [ 

One of /the Air Force balloon projects was called Man High. 
For the )rincipal Man High flight, the Air Force chose Maj. 
David G. Simons (Fig, 28). In August 1957, Simons ascended to a 
height of 102,000 feef. The flight lasted 32 hours 10 minutes. 
At his hi^st^titude, Simons observed a' black sky above him, 
, and he coiHa;;;;^e the curve of the horizon. To record any cosmic 
radfation at thh altitude, Sifnons wore special photographic plates 
mounted on his arms and chest. He also had with hinvsome black 
mice for testing'.the physiological effects of cosmic "radiation* No 
immediate effect were noted from the exposure, but > the black 
mice later became speckled with gray, indicating premature aging 
from cosmic radiation. 

During his flight Simons was protected by a sealed pressurized 
gdndola containing a mixture of oxygen, nitrogen, and helium^. 
Although provisions were, made for purifying tl^e atmosphere, the 
carbon dioxide content of the sealed gondola became danger- 
ously high. Simons evaluated the risk^ and remained aloft.. 
^ The Man High flights were followed by the Excelsior balloon 

^ flights made by Air Force ^apt.^ Joseph W. Kittin^r, Jr. The Ex- 
celsior flights, {)egun in November 1959, were maJe for the pur- 
pose of testing aircraft ejection equipment. Kittingel had prepared 
for his balloon fligf]ts by assisting Major Simons Iwifh the Man 
High project. On his flights Kittinger rode in an open gondola 
protected only by his oxygen supply and pressure suit {Fig.^ 29). 
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Figur* 28. Ma|. Davtd G. Simons standing t\«|de his ballaan capsuU. Stmans reached 
an altitude af 102,000 feet an 20 August 1957. 

pn the first flight, as Kittingcr prepared to jump from the gon- 
dola at an altitude of 76,400 feet, his altimeter caught on the 
door. The dela> caused m freeing himself upset the automatic 
timing device on his parachute. As a result, Kit^inger's parachute 
opened too soon, the cord tangled in his clothing, and he w?is 
spun violent]) during his descent*. Fortunately, he \v.as^ able to 
right himself and make a safe landing. 

The second and third Excelsior balloon flights were completely 
succe^ful. On the third Excelsior flight, Kittinger ascended to*^ the 
•heightlof 102,800 feet, slightly higher than Sim9nS* maximum al- 
Utude.lAfter Kittmger jumped from the balloon gondola, he kicked 
and mbvcd hi& arms about to ihaintain stability during free fall 
(Fig. ^30).^ During the descent kittinger reported on his sensa- 
tions By talking into a tape recorder fastened to his body. 

Kitlmger's parachute jumps showed that pilots could eject safely 
at yery high altitudes, on the very fringe of space. Years fatcr, dur- 
ing combat m Viefnam, Kittinger made another parachute jump 
that took him tMugh danger to safe(y. Upon landing, he was 
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F^gurt 29. Copt. Joseph W. Kitflnger. Jr.. bestdt optn gondolo used on Excelsior 
flights. Kittingtift wos profocfod by his pressurt suit ond oxygon tquipment. 

captured b> the North Vietnamese and held prisoner but,\vas re- 
leased early in 1973. 

The balloon flights ended at the ceiling for winged aircraft and 
air-breathing vehicles. Through the use, of rocket^ power, animal 
astronauts coiild be launched into spaci to prepare the way^for 
man. * , 



Arrimal Astronauts 

After scientists and engineers began experimenting with rockets 
following World War If, medical researchers sent animals into the 
upper atmosphere t^o test conditions there and to' find out how 
living matter react^ to spacefUght. Dr. James Hcnr> performed 
some of the earl> experiments with animals at Holloman Air Force 
'Base; New Moxico Since the first rockets could carry only small 
payloads, mice and other small animals were used for the early 
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Figure 30. Captain Kttttngtr durtng frtt fall. Ht movtd his arms ond tegs to maintain 

stability 

experiments. When these small animals were rocketed into space, 
they had to be protected with a pressurized environment and hild 
to be provided with food and water. Scientists made the first 
crude space capsules to protect the subjects of their experiments. 

As rockets became more powerful and larger pay loads could be 
sent into space, American researcher^ Hiscd larger animals for their 
experiments, and they constructed better space capsules. While 
Soviet scientists prefer dogs for their space experiments, Ameri- 
can scientists have used monkeys and ichimpanzces. S'ln^ these 
animals are higher in the animal scale/ they have a physiology 
that more nearly resembles man's, anty they can be more highly 
trained. Soviet scientists,, on the oth/r hand, have collected a 
large body of physiological data aboin dogs, which enables them 
to make comparisons. The Soviet dfog Uaika, a female of the 
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Husky breed, Vas the first\animal to be rocketed into orbk. La'^ka 
survived in orbit for about seveiV days "and then di?d there. 

About a decade before the Mercury astronauts made their first 
flight, US researchers sent chimpanzees and monkeys into space Ofi 
sounding 5rockets« . ' i 

Two of tjie firjt chimpanzees. to go into space Avei^ Pat anc^ 
Mik6. Th^y made the trip on an Aerobee rocket in 1952 lin. 
order to t(>&t G-forcqs during spaceflight. One animal was seated, 
af\d the^ other was lying. Although the seated animal took the 
more Sjevere punishment from G-forces, telemetered data showed 
that neitlier animat suffered ill effects from the flight. / ^ [ 

In May 1959 two monkeys, Able an(l^aker,.,were sent aloft 
on" a Little Joe rocket to te^t protective equipment., Each monkey 
travded in a separate sealed capsule. E^ch wore a specially de* 
signed space suit ancj hchnet and reclined om^ contoured couch, 
\^ith l<*gs drawn up (a position intended to give/ the best protec- 
tion, against G-forCes). After the 'space travelers were ^recovered 
and given a thorough examinajion, the fljght.was pronounced a 
success. ' . ' * • - ' 




Mtrtury spoUcroft in orbitol flight. 




first US or- 



/ HUMAN WQUlREilENTS OP FLIGHT , \\\ ^ " 

Before American astronauts were docketed ituo space, two 
chimpanzees were used t« test mc "Mdrcury spkc^i^raift an^' the 
ffight pljp tor^ it. Ham prepared ihe w^> for the f^t suborbital 
^flight by Akronaut Alan Shepard,landl Enos (|^ig. 31)* orbited 
in space brtore Astronaut John Glenn ^ 
bital flight. I 

, Enos, like all animal astronauts, carefully Selected and 
trained. Results were gratifying: Enos did ^1 the tasks assigned 
to him. He, worked ta^et at his water and fbod, ani? then shdwed 
scientists that it was possible to eat, and drink while in orbit. When* 
the capsule was recovered, Enos's Bpafc suit was drenched with 
perspiration, but he was alert ,aixd excited. He popped out of 
the capsule, wobbled, a bit, *ana finally began jo jump for joy, 
Thgn he ^^^t the rdunds Jo shake the hands^ of his rescuers, A^ 
few hours tktcr space official announced tha^^ the United Stages 
was' ready to- send {he, first a^onaut into orbit. 

\The way^ fir man into space had been prepared by some fif^y 
year^ .^^Jifi^rch in aerosp^ace medicine and by more than a cen- 
tury of study "of' flight physiology. Many questions about spaceflight 
stil remained unanswered, however, as the first astronauts pre- 
paied Pb gq pto s^ace. To understand how the astronauts have 
'coped.with the. stresses of spaceflight, it is first necessary to know 
howjwe developed protective equipment for aircraft flight and how 
pilpty are trained to fly aircraft, c } 
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QUESY«iJSS 

1. What contributions did thfiLearb balloonists make tTllIgllt phji^Iog^? 



What kind of expcrimcfits^id Paul Bert^perform? 

2. What is acjrospacc, medicine? \^liat professional sen ices do flight surgeons 
perform fdr fliers?! 

' \ 
5* How are man and the flight machine made td work together? 

4. What wefc the X series of aircraft? Who flew the and what did it 
accomplish? How was the X-JS used? 

5. What contributions did advanced balloon flights make to the $tud> of 
flight physiology? \- 

6. How did the animal astronauts prepare the nay for manned .spaceflight? 



THIN GST pDO 

1. Make a stud> of one of the earlV b^llo^n flights, such as that of Jeffries 
and Blanchard or of Sivel. Croc^SpmeilK and Tissandier. and tell what 
the flight contributed to our knowledge of flight ph^siolog>. Why were 
the flights of the early ba]loonist|^ important mjthe study of flight physi- 
ology? 



2. If yoJ . 



Jf^one of the physiologists 
to aerospace medicine, 
tors mentioned in thi^ 



^ ar( interested in medicine/jmake a study 
or doctoi» who made a significant contribution 

i'ou may wish to select one of the early conlfi 
hapter. s ich as Paul Bert« Dr, J 3hn JeCfrie^, or G^n. Harry G. Armstron; 
r you a ay wish to study about the r iscarch done for the Air Force b; 
)r. laipct Hinry or Col. Paul itapp. vhich is di:scrtbcd in Chapter 3 

3. The 'X-I5 wis the last jOf the X series of rescarcn aircraft. Many excitin! 
flights were jnade withuhe XjI5. Select one of the^ test pilots^ who flew 
the' X- 15 and tel( abcjt his most important fliiht., Concentrate ort lh6 
biomedical aspects of t ic fl^ht. What kind of protective clothing dio the 
pilot wear? How was t ie aircraft pressurized? { / 

4. Make a study of one 6f the more recent balloon flight^, such as that of 
^ Ma^or Simons or Captain Kittingcr. What biomedical findings were made? 

What did the flight contribute to our knowle<Jge of fpght p|iyi>iol/)gy? 




ake a study the flight of one o^ more ofithe m^^t impottant/aViimal l 
tronauts. biofncdical findmgsi were *ma4<^ on tpc flighty Hpu( was, 

animaKs) proUJct^d and life support gi\ten? ] 
pare the wa^ fpc-manned spaceflight? 
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Tl^lS CHaPTE^^ describes 'He protective equipment or^d thi? pilot troinmg thot 
moke ^1 g^*t posjiblo m '-r^cdf''^ h gh perf O'rnof^ ce OifCro** It pxploins hovv 
oxygen mosks pressuro <.t^ tv ond G su ts ore yscd to protect pilots ond O"^ 
croAs Koa the pft'^ssu' n6 cabiQ ope^otes ond Kow a^'Cf^s ond possenge'is 
ore pfO*€cted ogo^nst rap-d decomprevsion ond Ho^ militO'-y pilots or»H 
oircevi-s bcji! <^t cj'^d use e|oc*ior^ sent systems to escope ^rom oircro^t Nex;t 
♦ he cHop^er jyvcys militpry ond evil pilot troming progfoms ond doscibos thj- 
di^^e'ent kmds gh* s.mylotors used m trcjini'^g After* yoy hove stydiea 

♦^"S c^'Optc vOy should be oole to C^o tho following ] explom how pilots 
onci jfvo rce A s ore pfO'eC^ed by oxygeri mc)sks pressure su'ts, orid G suits 
2 identrfy thr two kinds of pressyrizop cobms ond oxploin V^hy th^ pfes 
surijed cob'n wqs impoftcjf^t n odvoncrg cornmerciol fhght 3 descnbe the 
Operation of 0 porac^»u*e ond of on ciection seot system ct^d 4 exploiri 
ho»v^ *^o iow ot'i^ude cHorrbef ond \opf>ist)Coted simulo*o'-s giving the feel 
of fJfgHf^jre use4 in tfCJin ng pilots 
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EOUIREM^NTS OF FLIGHT 

, I PROTECTIVE EbUIPMENT 

M present there are three kinds of protective equipment used m 
aii^afl. (1) protective clothing and .accessories, which include 
.ox>gen masks and pressure suits, (2) pressurized cabins, and (i) 
equipment for escape in an emergency^ Oxjgen masks, pressure 
suits, and pressurized cabins are used to supply an artificial 
atmosphere during flight. This atmosphere is needed both for 
breathing, and for counterpressurc against the bod>. Man cannot 
fly at hig^ altitudes without taking with hirn an atmosphere con- 
taining adtquate oxygen. 

Protective Clothing and Accessories 

Ox>gen wa^ first supplied .by an ox>gen mask and then by a 
pressure suit. In time engineers learned how to pressurize the en- 
tire environment of the cockpit or cabin. Now most high-flying 
aircraft have a pressurized cabin. But becaus<? there is always 
the possibility thaji this cabin might become depressurized during 
flight, oxygen maSks or pressure suits are taken along for use in 
an emergency. ' I 

About 98 percenf of all flights a^e m^de below 50,000 feet. Air- 
craft flying at the higher altitudes within this level make use of 
a two-way plan for protecting aircrews and passengers. (1) a 
pressurized cabin and (2) oxygen masks for backup. , 
The 2 percent of all flights made above 50,000 feet are madj^ 
by combat or test pilots, ^ircraft flying, above 50,0j00 feet have a 
three-way plan for protecting pilots. (1) a space cabin, (2) a 
pressure suit for backupf ind (3) a G-suit. 

The pressure suit and the G-suit, which were deteloped to pro- 
tect military pilo s in .high performance aircraft, formed the basis 
for the space sints for astronauts and for protective equipment 
used n civil aircraft. In developing protective equipment for flight, \ 
^ doctors and engineers Started with the oxygen mask. ' \ 

OxSfGL^ MASKS|— Tnere are three types of oxygen breathing sys- 
tems, or, oxygen ,masks with their 'tanks ^nd other accessories. 
These adc (1) the i continuous-flow Vype for use up to 25,000 feet, 
(2) the demand tyjpe for use \yp to\3'5,00p feet, and (3) the pres- 
sure-demand t^pe for use up to 451)00 fCet (Fie. yHi). 

Almost all aircraft that fly at higher altiti^dc^ today a|e being 
^ equipped with the pressure -demand oxygen i system. Evcii some 
of the older airc/afl are being refitted with tht dquipment. Usually 
tlic Conttnuous-flOT oxygen system is used for passengers on com 
mercjal pircrafl or military troop transports. . The masks for the 
Icbntinuoiis-flow system (Fig. 33) are easier Ito put on, and the 
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Figyrt 32. Ff<tr s ctiling oi roistd by difftrtnt kinds of prottctivt tqutpmtnt. Tht 
{Jtmond OAygtn systtm ii us«d routmtly up *c 35,000 fttt, and th« prtssurt-dtmond 
iysttm up to 45,000 fttt. Abovt 45,000 fett prt»urt sutts ort nttdtd to bacC up 

a prtssuriz*d cabin. 



con||nuous-flow 
qxy6en mask 




FiQurt 33. Continuous flow oxygon rnoik. Wdh tht corjtin(^6u 
o rtbrtathtr bog ts uiualiy ottochod to tht mosk Oxjygt^ 
from th^ storogt cylmdtr^ through tht roguloting sys^m lo 
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passengers u^ally do not require as ^uch oxygen as the pilot 
^nd Othpr crew members do when makmg an emergency descent. 
The ^asseng^rs Are inactive and therefore do not have to have as 
much ox^g^ kl thij^ crew members flying the aircraft. 

The pressure-dcjnand oxygen system is a pieci of equipment 
representing several stages of development. Tracing these stages 
enables one to unders^nd how the modem complex system op- 
erates. / * "\ 1 / • 

The. first /oxvgen equipment, which the pilots galled "dribble 
tubes," r operated from k pipe stem. When the pilot needed oxygen 
he would pull on the stem, much as a mkii pulls on his pipe,^ 
and thp pilot received ^ supply of cold, wet ox^gQd. Before, and 
after , pulls, the oxygen leaked. ^ * ' 

As aircraft climbed higher,, larger supplies cf oxygen were \ 
needed^ and a leakproof system was required. ,1 |ic answer was 
the oxygen mask, whicli fitted tight^ about the nose .a id mouth. At 
first a continuous flow of oxygen was supplied to tlie maslt, and 
the oxygen could be tacen from the Ambient air. 

When aircraft flew till higher, the amount of oxygen needed 
by the pilot increased greatly. At very high altit tides the pilot 
requires a higher proportion of pure oxygen. Very little of the 
required, oxygen can ;be taken from the surrojiii 
solutic 1 was to shut off the flow of oxygen during 
phase 3f breathing. Oxygen was supplfed to the miisk only when 
the p ot inhaled (Fig. 34)! Tjiis system of supplying unpres- 
surize(f oxygen upon d.eman^, ^or the demand oxygen system, 
workep well until an laltitu(|c of ,35,000 feet was reached. 
\From 35,000 to 45,000 ^eet, the pressure of the alveolar afr 
(oxygen in the lungs! plus Water vapor and.WarAon dioxide), ap- 
proaches the pressufrelof |the ambient air. UnHer'Mese conditions 
there is not enough oxygen entering the lung|B id ^^end an ade- 
quate supply to the oloodstreani, and hypoxii rismts, To pre- 
vent hypoxia at a titties up to ^.45,000 'feet,\ the \ pressure-de- 
mand oxygen sysfen i^ used (Fig. 35). This syitem supplies un- 
pressurized oxygen in ihe right amounts at the lowel levels. When 
the 30,000-fool levd is reacho*,«the system dehors 100 percent 
oxygen with the pipssiire adjusted to the altitudt. ^n the more 
modern .system thel pressure is adjusted automatically. In the 
older type system the pilot has to adjust the settings manually. 
" ' ^'otl breathes under pressure, his HrcaV^iing cycle 

^...^ *j,Twtow«. *ii iiv.*.nal breathing his body uses rauscleVpoweV to exi 
S)ard the chest cavity^ Thi^ action creates lowered pressu\}enjn the 
unjs, and the air rusj 

^"^^^^ Exhalation ji. - ^ _ , 

s is reversed. The muscles I of the 



ing, air. The 
the exhalation 



pk WOOUIA^^I 

the lungi during, inhalatioi 



s exf 



^llpard the chest cavity 
"unjs, and the air ru^he^ |n 

)la:hed in Chapter 1. I)u|i|g pxhalation {the chest cavity reljixcs. Li 

pre sume breathing th(H"pr 
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OENt AND; ^OXYGEN MASK 



□ oxygtn maik. /With tht jlimand oxygtn sytttm, th«r« U no 
^ygtn Is iupplltdrio th« uitr|^nty whtn hf tnhalts. Th« amount <jf 
[•n.tupplitd Ii adjuntd automatically to th« fUght aItiU»d<Krt- 

PRESSURE- DEMAND 
OXYGEN MASK 

For cooo«€tiDft ' 

w{lh «iwrgM>cy ^ . 

oxygtn botti * To prtMurrttoatatdir 
«nd oxy«NV cylind«r| 




ngura *». Prtttur«>d«mond oxygtn mait^. This rhaik optretts \n much tht lamt 
woy at that ustd w!th tht dtmand oxygtn sytttm. Tht principal diHtrtnct !s thaf 
oxygtn U tupplttd undtr prtsturt. Tht mcisk mutt bt Jightty ttaltd about tht fact. 
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otd^ cage ar^ relaxed as dky^en is forced into the lungs during 
inhalation, but muscle power must ha used to force exhalation. 
In other words/ the pilot breathes out rather than in during pres- 
sure breathing. This breathing in reverse is tiring, and it can 
lead to hyperventilation if not ^refuUy controlled. * 

Oxygen masks are used high altitudes only in. an emergency 
or for short periods of, time to insure the safety of the crew. 
Whenever Air Foi^ce aircraft fly unpressurlzed above 13,080 feet, 
one member of the crew, is usually kept on oxygen cojitinupusly- 
If possible, the pilot and copilot take turns wearing their oxygen 
masks. At altitudes from 40,00P to 45,000 feet all cr<?w members 
wear pressure-demand oxygen masks continuously. Above . the 
45,000-foot level d pressure suit is usually used to back up/ the 
"^pressurized cabin. A ifiask is use<t above! 45,000' feet only in an 
emergency ' At the 50,000-/oot level iTo 'o;^ygen will enter the 
lungs evei> if 100 percent oxygen is supplied | under pressure. 

Pressure suits.— Long before the 45,000-fbot leveFwas reached, 
pilots felt the need for having counterpressure against the body. 
The first pressure suit to provide this counterpressure resejmbled 
a deep-sea diverts outfit. It w^s designed by Wiley Post m.the 
1930s. In 1^34 he wore the suit in his attempts to br^dc thp 
transcontinental speed record. The flights were made in tl e jlower 
reaches of the stratosphere, where prjksure breathing was not re- 
quired. The suit that Post used/succek^^^ wa^ Actually ihe third 
Suit that he designed. The first/ suit, jwhich consisted of oie layer 
of fabric, Jeaked badly. The sjScond jsult iiUedSti^ tight ,nd had 
to 6e cat to free the flier. Thfc Jhifdl ^it consisted Jbf twc layers, 
The iniier layer was a Irubbdr container for holding gai under 
pressure. To kpep this container from ballooning OUt, therel was a 
secondj layer 6f rubberized fapric that kept jts shape ajid allowed 
the fliqr some mobility by usiii^ a pressure' of abdul 7 psi. Wiley*s 
third suit incorporated the principle of layering, or asing layers of. 
different materials to serve duff rent purposes. La\er pressure suits 
were developed upgn this principle. JUnfortunatdy,. with Post*s 
^dpath4nfl935, no furthe; work was'done'^M*! the pressure syitVin 
the United States for, hiorc than a decade, but othti^r i\ations took 
up its .dcvejopment. j 

During World War-^rbotti thfe 'US Nayy and* the Army Air 
Cotps .began research to, develop a practical pressure, stiit for 
'combut filers.*. One of the pioneers in iikearch on protective 
equipment for the Air Corps was Qr. lames^. HenryA Atter com- 
pleting work on a wartime research project^ on tfic\ circulatory 
system, Doctor»*Henry went to work at ,Wri^t^ Field Vo Idevelop 
_a pressure suit. .At this time there was no such thing as a»prcs- 
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surized cockpit — only .oxygen masks .and a kind of ptessure vest 
developed by the .Royal Canadian Air Force. Doctors believed 
thajt if pilots, were to be successfully provided with oxygeA under 
j^ssure at extremely high altitudes, their bodies must ^be pro- 
ccted by being inclosed in a suit that would exert counterpressure 
, ijainst the entire body, Jiot simply the chest and lungs. The 
:neory seemed^ sound, but it had to be proved by ' developing^^ 
)ractical pressure suit. * . / - • , 

. Doctor Henry, clothed in a ^^akeshjtt pressure suit that covered 
nost ©f hi§. bod}?, gradually^ Objected nimsel{ to higher* altitudes 
n 'the pressure chamber. iHnally he reached a simulated altitude 
^f 50,00p, feet. When, in Novein&q 1944, the'Aic^orce was 
^Ikady to purchase .a turbojet^ ^crafj^ that would fly at 55,000 
' feet. Doctor H^nry decided to develop enough counterpressure 
. ^ in his suit to go to ^n altUude of 58,000 feet and remain at that 
altitude' for some time. Tnis was a fcsat unheard of at the time. 

Since. Doctpr Henry'/ pressure suit wa^ etude, he made the sim- 
ulated ascenti to altiyide graduall;^ pausing at various levels to 
breathe pure pxygen^ Even so, he began to feel dizzy by the time 
he reached thi 58,0G!0-footJevel.. Although suffering from hj^fjoxia, 

^ he kept up loutin/ tasks to test the flexibility of the suit. He 
was so absorl qd iti his work that he did not notLte the observers 
at the control! window sign^aling to him. They wanted him to look 
at His right hand.* Whe!n Doctor Henry glanced at it, he sa^ that 
it was blown, up like a balloon. Suddenly the <xher hand /reacted 
in the Same way. peneral Armstrong, in ^arly/ experiments, had 
observed simila^ ballooning of the bodies of rabbits In the /pressure 

" chamber ^t\thfe^s^me altitujle. llie controllers at the window de- 

* cided that'*it .Vst? not safe to watch the phenomenon an^ longer. 

' Without waiting tor a signal from t)octor Henry, they brought him 

down' from Mtitilcle. , - 

' ff ' . • * 
The experiment showed that a pressure suit would protect man 

in the rarefiod atinosphei-e at an altitude of 58,000 feet, j but ^ to 
do so the Suit must, completely inclose' the body-r-hands^ as yjdl 
as tnink, I^'cad, and le^s. Although the pressure suit that was ,de- 
vel&ped covered the ^entire body, orfly part of the suit !was piresx^ 
'« ^urized. This is what is known as a partial-pressure suit 
^ At the same time that the Air Force bligan work on jthe partial pres- 
sure suit^ the Navy "w^s assigned the' task of dcJVcloping a full- 
4 \ pressure suit. Afttr the.A^ir Forpe produced a partial-pressure suit, 
its » researchers also worked on the Jullrprcssure suit. Fronj'lhe full- 
. pressure sui^ developed for, combat flie;s came the' fiist space suits 

* for astronauts. The services plan to gradually rcpTacA the partial- 
^pressure** suit with* a fulf^prcssurc suit. V * a \ \ 
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A full^tiressure suit (Fig. 36), which creates a completely pressur- 
ized -environment, is the ideal backup for a pressurized cabin. It sur- 
rounds the wearer with a complete envelope of pressurized gas. 
-^This does away ^ith t^e uncomfortable squeeze of the partial- 
pressure suit and allows more mobility 'and fuller protection. 
Most full-pressure suits' are unpressurized as long as t ic air- 
craft is '^flying below 35,000 feet. As soon as the aircraft each^s 
this level, or there is a loss of ^pressuce from the aircraft cabin, 
the automatic control!^ on the suit causes it to inflate. The suit 
inflates to a pressure which, wTien added to that of thc^ ambient 
atmosphere, equals about 3.5 psi. This is just about ihe same 
pressure as that of the earth's atmosphere at 35,000 tedtr There- 
fore, a pilot wearing a full-prclssure spit is ncvej; expqsed to a 
pressure altitude greater than 35,00Q feet regard)9Ss of ^e actual 
flight altitude. / 

At the present time the Air ForCc sfill uses Aany pa/tial-pres- 
sure suits. The modern partial-prdssure sujt represents a whole 
series of, improvements. It has been thoroughly tested under 
spacej^qtnvalent^ conditions and, gives ad^equati protection. It is 
uspdonly as Mckup to a pressurSed cab,fn. I 
/ There are sf vemi models of Air Fofbe partial-pressure suits ^ut 
all have basically/ the same features. The suit consists of the pres- 
sure suit itself* hfclmet, and §l6vei j(Fig. 37). Th^ suit is constructed 
in layers, i^n iriner Jayer consist of one large inflatable bladder 
that covers the wearer except forAhis head, arms, and. lower legs. 
'This provides coUnterpressure for l^e main part of the body, pr^- 
A^enting expansion of gases and watfer vapor in the blood and tis- 
sues. Smaller bladders extend along'ihe arms and legs to prevent 
pincliing when the capstans are inflgipd. The capstans are ipflat- 
ablc tub(ts that extend along the arnis, chest, thighs, and legs. 
When the Capstans are inflated,* they pull the suit tightly against thc^ 
wearer^s bddy to aj^ply additional^ coUnterpressure against^ the ex-* 
pansion of fiases and water vapor inside the body. The outer layer 
of. the suit is made of nylon-cotton fabric^ with 6lasticized lyik 
^^\^ 0? "fjsh net,V in the areas where stretch Jsi needed. The 
supis closed with kppere,^':aTi,d laces provide some adjiislment fipr^ 
♦^ze, ,t^e;..^§i^^i hej^ f^Sva plastic facepiece, \and it contaitis 
Satpbones^ wlribS^fbr communication, and wires for heating to 
preverif^iogging of tl^c helmet. The glcJves for the suit, contain 
; smaSI inflatable bladders. > 

• , Actually the modern pressure suit is ji9t one but three pieces 
; of^prolective equipment: (1) an dxygen mask, (2) a pressurized 
environment,^ and (3) a G-suit. Although the G-suit is usually "sewn 
into the pr^s§urc suit and forms a part of it,^the G-sait was de-^ 
' vcloped separately ,an4 serves a separate purpose. 
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G-suiTS.— The increased G-forces built up in flight areAisually 
positive. Negative G-forces occur'only occasionally, such as when 
an aircrapt goes from level flight into a ^dden dive. When 
G-forces I are negative, the blood rushes 'to the head, and the j)i!ot 
may exppriencevred-out. Negative G-forctfa as iow .as'^.S to 3.5 
•G can tjc fatal. . , 

After Dr. James^ Henry completed work on' the partial-pressure 
^uit, *he remaiKed^t Wright Field to collaborate with Dr, ^ 



Otto 




ngurt.37. Partial Fif^tssur* mU./Thli kind of suit is prtssuriztd in parts, or stgmtnts. 
Tht boHon; \oyr of the suit is/a large bladder inflated to provide counterpressurt for 
most of the body, ^dditi^nal fcounterpressure Is pravided by inflated capstans. Note» >^ 
the capstans exte)r(tiing along fhe pilot's arms, thighs, and legs. * 
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Gauer, a rendwned German authorhy . oii the circulatory ^stem, 
to fii^id out, how pilots might be f)rotected against ' negative G- 
forces. From^ experiments with animals m the centrifuge, Doc- 
tors Henr^ and Gauer disc6vered that fatalities from excessive neg- 
ative JG-Iorces resulted from hypoxia,, not 'from brain hemorrhage, 
as had. been supposed. Ujider the stress of negative G-forces, the 
blood rushing to the pilot's heacl caused swelling 'of veins. This 
'swelling cut off the supply of oxygen to the thrioat.and lungs, 
resulting in choking and severe hypoxia, when death wa§ ^shown 
to be caused by hypoxia, the way was .opened for providing pro- 
tection. ^ : . - . ' 

Today pilots have some protection againit negative G-forces 
by being supplied with adequate oxygen in a pressurized cabin, 
backed by an oxygen mask or a pressure suit. Pressurized helmets 
may offer enough counter-resistance to the increased blood flow 
in the head to raise the {pilot's, tolerance of negative G-fbrces by 



Anotfier means had to be found to protect the body against 
positive' G-forces. Doctors Henry and Gauer found that if ' an 
adequate supply* of . bloodl flowed from the pilot's heart to his 
,eyes and brain, he would not black out. Based on this findihg, 
the G-suit was'developed. . ' . . 

'*^The ipodern G-suit resembles a pair of cutaway nylon trousers 
or cowboy chaps (Fig. 38). The trousers have bladders positioned 
^0 that '^^ they fit at ke^tpoints on the body. A small bladder is 
placed ^t each «iigh and one at the icalf of each leg/ and a larger 
bladder is spread across the abdomen. The bladders are connected 
to a coi^pressedVair system. In normaF flight the bladders lie 
flat, but as soon a\ Ihe aircraft gops into a maneuver a\id the G- 
fqrces reach a posifive 2 G, air is. automatipally release^] from the 
compressed air syst^ and inflates the bladders. As th3y Expand, 
'the bladders press tightly against the pilot's tqdy, c/iising the. 
blood vessels in tha^ lower extremities to constrict and keep the 
blood from pooling. Jhis^ action forces the blood tpwafd -the pi- 
• lot's htad, m^mtaiififlg^jh^^ blood between the heart and 
the eyes ancmain. . - 

The G-sdit is worn eitheivover or beneath the standard flying 
clothing. 1/ may be designed to be part;of the pressure suit for 
pilots' fl^g high-performanc^ ' ' 
can give a pilot enough \ 
•positive G-forces by 2 G. 

At the same time that researchers were developing the G-suit 
and other jjrotective clothing for fliers, other researchers ^were 
trying to develop a pre ssurized c^bin. They wanted Ip pressurize 



:4Jaircraft, as noted earlier. The G-suit 
iforection to incjrease his toleuance to 
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the entire cbckpit, nqt just the atea immediatel> surrounding tKp 
.pilot's bodV: x 
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m'^ Pressurized Cabins ' ^ 



The pressurized ^cockpit, or the pressurized c^bin, as it is gen-, 
erally known, took many years to dcvebp. Man> difficult problems 
hgd to, be solved before a pressurized caWa was possible. Although 
the US, Army Arr Corps conducted its rn'st experiment on sucTi a 
cabin aV early as 1920, the first American-built pressurized cabiii 
did pot appear until 1937 with the XC-35 research aircraft.' The 
first American pressurized airliner, a Stratoliner, carried passen- 
gers in April 1940. / 

The pressurized cabin, meant a re^I breakthrough in meeting 
the human requirements flight at high altitudes. It represents ^ 
a triumph of ooth medical and engineering knowledge. *To de- 
velop the pressurized cabin, researchers drew upon the store of 
knowledge M flight physiology that had accumulated since the 
eariy balloomsts and the French physiologist Paul Bert performed 
their experiments. Bert lard the foundation for the pressurized 
aircraft with his studies of pressure%ltitude$. J 
- 'With the pressurized^ cabin, pilots and passengers now have 
mote security during flight If the pressure altitude of the cabin 
can be kept low enough, the ck;pupants are protected against both 
hypoxia ati'd decompression siclcness, as well as expansion of 
trapped .gases and most of the discomforts caused by ' sudden 
changes in pressure during flight. Fmther, the pressurized cabin . 
can bft maintained at a comfortable temperature even at very high 
aUitud^s; ' ' 5 

Pfcessure difference, a^d strength of structure.— From an 
engineering standpoint, one of the most difficult problem$ in pro- 
ducing a pressurized cabin is to, make the walls of the aircraft 
streng enough to Nvithstand the difference irf pressure between he 
atmosphere in the cabin and that on the outside. At lower alti- 
tudes, this difference in pressure, or the -pressure differential, as 
it ij^led, need not be large, but as the aircraft flici to increas- 
inglyffigher altitudes (and'^^hc need fot a,pressuri;«j'd cabin bfc- 
xomes greater), the j}ressure differential becomes greater.^ 

With a larger pressure differentUl, it is, nefces$^ry to have 
stronger cabin wafls to withstand the presspjfe across the walls. 
If» for example, the pressure of thb atmosphere isidc an air- * 
craft cabiit w<?re kept at sea level \pressufc .(IffflJ psO ai the * 
pf(^sure on the outSTd©*«kthc aircraft approaches zero, thejphjs-j 
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canopies, doors, and windows. To withstand such h tremendous 
pressure would require an aircraft stnicturcv^^too/ heavy to fly. 
Fortunately, man is able to tolerate a reduccc^essure environ- 
ment. 

K. a pressure altitude of 8,000 lo 10,000 feet is used instead 
of ^sea level as the lower limit, then the pressure differential 
acrosst^,thc walls of the aircraft cabin is greatly reduced. With a 
cabin pressurized to the 8,000-foot level, aircraft can fly at 40,000 
feet to 45,000. feet with a maximum pressyrc differential of 8 
to 9 psi. Most jet passenger aircraft are designed to operate at 
^this pressure level. Recently, however, there has been a tendency 
for aircraft designers to use a higher pressure differenti^ tor pas- 
senger aircraft, permitting them to fly at the high cniismg levels 
with a cabin pressurized to an altitude of 5,000 to 6,000 ftet. 
Improvements in metals make possible stronger and ligh\er air- 
craft structures 'that can support larger pressure differential 

Most high-performance military aircr^t have less pressing in 
their cabins in order to keep the aircraft lighter in weight and al- 
16w more maneuverability, as well as to guard against the danger 
of decompression as the result of enemy fire. Military aircraft 
going to very high altitudes usually operate with a maximum, pres- 
sure differential of about 5 psi. Therefore, at the .liighest /light 
altitudes, the ciibin of such aircraft is ^t a pressure altitu^? of 
about 25,000 feet. At this level supplemental oxygen is needed 
to prevent hypoxia, but there still is protection against decompres- 
sion siekf^ss. Combat aircraft are equipped with an override con- 
trol that makes it possible, for the pilot to reduce cabin pr^ure 
if there is danger of being struck by enemy fire. In ^Jhis way it is 
possible to roducc the hazards of decompression. 

Maintainin^ tHE CABIN ATMOSPHERE. — Othct problcms had to 
be solved in keeping the atmosphere within the cabin constant. 
The atmosphere must have excessive water vapor removed, it must' 
be free of contaminants, and it must be kept at a comfortable tem- 
perature. The problems of keeping the cabin free of no>jious gases 
and vapors are described in Chapter 1. The special problems of 
the space 02ft)in are discussed further in the next chapter on space- 
flight. 

Surprisingly eriough, ^e of the first problems encountered in 
p» pressurizing the cabin wh^ overheating. Even when the outside 
temperature is a frigid -67 degrees R, the cabin tends to heat 
rapidly as air is drawn in from the outside and compressed. Im- 
provements in air-conditioning equipment have helped to keep the 
cabin ■ temperature constant 

Conventional pressurized cabins and space cabins. — All air- 
craft cabins are pressurized in the sense that the air inside the 
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cabin ii under greater pressure thani that of the ambient atmor 
sphere. Up to 50,000 fefet» or the lovler limits of -space-equivaleni 
conditions, I a cabin is usually pressuriked by drawing in air from 
the outidd and compressing it. ThS is .a conventional. presA ^ 
surized ^bki (fig. 39). Above 50,001) feet the air frfcl the out-\\ 
side mus^ be sealed off, and the cabin is pressurized ^making \ 
use of a supply of oxygen or other , gas carried ^om boarfl. Such a 
cabin is cdlled a space cabin (Fig. 40). ^ 

In the 4>ace cabin the 'supply of gas, foif^the artifi(:ial av.. 
is limited,! and ^•^^ S^s must be kept from Icakirig. WW 
quantities of oxygen are^ needed for' supplying the atr 
for a space catkin, a convener .system is used. The system ^.^..v. 
ffor storing liquid oxygen (^OX) under pressure and then cLve: 
ing it into a ^as for use.^ Handling oxygen^ bbard aircrkft. « 
first presented difficult 'problems for engineers. Liquid oxyge 
must be kept ' at in rftremelv low temperature (about -297 de- 
grees I^.) to ; keep it from changing into a gas ' during 'storage 
When converted info a gas forXuse, the liquid oxygen expan"' 
enormously ([about 860 times). 
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Figoft 39. bptrotbn 6^0 conventional pfimthpd^Wtn. Air from th* outsid* is 
drawn iniid*, comprtiitd. &nd ^rlgtratod. Th'wa|ioiph«r« li k«pt frtih by dumping 
tht stalt air d\(trboard an/ tdling in frtiH air. 
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Flaurt 40. Difftrtnc* bttwttn an op«n cockpit, a convtnlJonal,^prt»»urh»d cJtin, arjd 
a tpoct cabin. Tht convtntional prtMuriitd cobin i» partially ttaltd; tht spbct cabin 
I U compltttf/ staltd. j 

Hazards of oECOMPRESSiohi.— With both thejspace cJbin! arid the 
conventional pressurized cabin, the greatest haiard liesX'the pos- 
sibility of rapid decompression at altitude. Military aircraft are in 
more danger of decompression, as they may be hit by ebemy fire. 
"The speed with which decompression takes| place ded5nds pn- 
marily upon, the size of, the aircraft and the size oi thi opening. 
If decompression is and the aircraft is flying at a\ery high 
altitude, the pressurized atmosphere of the cabin explodes out- 
ward with a loud bang. The cabip becomes filled witb dust, fog, 
ox: flying -debris. Persons sitting near openings are in danger of 
being blown out if they are not firmly sc^ired with a seat belt. 
The occupants of the cabin are left in aj^azcd condition. The 
'greatest danger from rapid decompression i>,from hypoxia, as 
explained in Chapter 1. Fortunately,. the victims -of rapid decom- 
pression can survive if they are supplied emergency oxygen and 
'the.pilot can l^nd without delay. / 

in general, the number of TZpid decompressions has been quite 
smallK)ver the years even in military aircraft. Jet transports and 
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high-performance military ' aircraft have proved to be structurally 
sound. ' * 

Combat pilots face other dangers than those from rapid de- 
compression, however. As aviation progressed, it became apparent 
that some new means had to be found to help, combat pilots es- 
cape from their aircraft when if went put of control. 

Escape Eijuipment 

. When aircraft flew at relatively low altitudes and speeds, a 
pilot could escape firom his aircraft simply by bailing out and mak- 

ring use of his parachute. When aircraft began traveling at high 
r^tjf of speed, the G-forces increased sharply, and the pilot 
haa difficulty first in forcing his way out of the aircraft and then 
in clearing the aircraft structures. For escape from high-perform- 
ance aircraft, the military pilot now has an ejection-seat system. 
But whether a pilot makes an unassisted or an assisted escape, 
he uses a "parachute for making his descent to the ground. 

Parachutes for bailout* (uNASsisxED escape). — Pilots wha 
fly in slow aircraft depend upon parachutes for bailout in an emer- 
gency The person making tho escape simply releases the canopy 
of the aircraft or opens the door and jumps over the side, using 
his parachute to bring him safely to' the ground. Combat crew 
members are taught how to "hit the silk," or use their parachute. 
Noncombat -crew. members may be required to wear parachutes 
during dangerous missions. 

In October 1922 the first American life was saved by a para- 
chute when Lt. Harold Harris, a US Air Corps test pilot, made 
a safe bailout. Since that time the parachute has sated thousands 
' of lives. The parachute has been improved somewhat and better 
techniques developed for its use, but it remains essentially un- 
changed. 

^ Tbe parachute is made up of three basic parts: the canopy, 
the pack, and the harness (Fig. 41). Th^canopy is the lar^e 
umbrella-like structwe *that fills with air and supports the pilot 
a^ he floats to the ground. Today the canopy is made. of nylon 
' lither than silk. Nylon is stronger than silg and produces > less 
^ shock upon opening. The canopy is pulled from the pack by a \ 
sihall spring-loaded pildt chute, which first catches the airstrcam. 
Ihi 1^1^" Pa*«ch"*e psck, the package in whic^ the parachute is 
I encloses the parachute harness. The Ifar- 



foided for storage, also 



n^s is a system of rtylbn wpbbing used to sccurtj the wearergo 
thi suspension lines of the canopy. Part of «ie harrtess is the slin| 
injwhich the wearer restfe as lie descends. The sling\is attached to' 
tlf^\risefs, the lines the \ pilot 'uses to guide the p^^chute as it 
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Figurt 41. Dtploymt 
larg* canopy. Thf 



nt of 0 porochult. Tht imall pilot chutt op«ni iin! and !h«n !h« 
»r U failtntd inio iht pdrachutt harntis. Thii it a!!ach«d to th« 
ristrs can bt ustd to guid* tht parachute Jn landing. 
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nears the- grour d.. The risers, in turn, are attached to the suspen 
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^ When a p\lot 
ahat he make \he ' 
Wtitude. With 
' ivcrc, but the 

iitude for openn; 
gf^Vjnd, but safe 



canopy. After the parachute has 
pilot to the gr(und,.he falls, rolls over on his back 
parachute lines Steady, anduhen releases the canopy to>^epp from 
being dragged al\ng the grouM.* , • 

lecides to\baKdon his ^ aircraft, it is 
[ecision'anaban out while he still has ^ 
leA paraflhutV the shock of opening^ 
increasesXwim altitude. The best m 
parachine it about 1,000 feet abi 
lings have bewi made at lower alt 
:curred, they .nave most often been ci. 
close to the gtound when he attcmp^d 



sort ant 
fficient 
is ^ not 



WhW casualties havb 
beclause the pilot was^ 
to oben his parachute. \ ^ I 

, When American pilots Virst tried to e*:ape from high-perform- 
ance aircraft during Worid War II, they had difficulty in getting 
out of the aircraft so tha\ they could makejjsc of their para- 
chute. What ivas needed 'was some device to propel them away 
from theVircraf 
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Ejection equipment (assisted escape).— Today combat pilots 
in high-performance aircraft usually have their parachute fitted into 
the ejection-seat system* To build a practical ejection-seat system, 
engineers had to have a whole series of precise data about how 
the body is affected at tm time of escat>e. Engineers had to know, 
for example, how much a man can stan4 in terms of G-forces, 
windblast, and oxygen deprivation. How much explosive, force is 
needed to fire a man fast enough and far enough to clear the air- 
craft and still not injure hiiiu" • 

The Germans were the first to collect data that made ejection 
seats possible, and their pilots used such equipment for escaping 
from disabled aircraft during World War II. "When the V^ar was 
over, an American team headed by Dr. William Lovelace 11, vis- 
^ ited Germany and Sweden to obtain data on the ejection seat. 
^ The first American ejection seat was built from a German model. 
The first live American ejection was made by Sergeant Lawrence \ 
Lambert over Wright Field in 1946. In the next ten years 1,897 
ejeclTons were made by American pilots. Of this number ahoxxi 81 
percent were 3uccessful. 

The ejection seat has been steadily improved, and chanijes in, it 
have been made to keep up with advances in flight. Oni of the 
Americans besV known for basic research on ejection eqiiipment 
^or use in highWcd aircraft is t)^ John Paul Stapp (l4lN ), . 
'^w a retired Air, Force colonel. Maflv pilots have attribute^^ their 
^ to the equMiment developed as\a result of Stapp's\ork. 
Stato, who gave name to the mpa^sure of jolt force, wanted 
to fiM out more'^^out the high G-fpVces that pilots encounter 
as theVeject from ^gh-speed aircraft. The doctor is especiaUy 
knojvn fcr the runs made on the rocket-powered sled at Hol- 
loman AFa, New MexiO) (Fig. 4^ ^ . 

At present the Air Fbrce makes 'use of two types ot ejection 
SQati. One type ejects upVard and the ^ther downward (Fig." 43).. 
Both types of ejection se^s are based upon the catapult princi- ^ 
pie, the principle for propMling aircraft from carrier^. The cjec- 
/ tion seat is equipped with eX|)losiYe cartridges that propel the^seat 
along a tracked out and away from the aircraft. The seat is 
:4 i usually equippcfip^ with harnesses, guard rails,' a footrest and a 
headrest that hold the pilot's bpdy firmly in position to withstand 
, the large G-forccs. After the seat .has cleared the aircraft and 
descends to a safe altitude, the pilot s^arates automatically from 
/ ^ the seat^Fig. 44). Later his parachute\o|cns automatically to bring 
• him safely to the ground. These aut^Wic features protqct the / 
^ pilot shoulrf he become unconscious. Soifie modern ejection seats 
are inclosed in ^ capsule tg protect the pilot against windblast. 

ERJC ^ 5^ ^ ^ 
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Figor* 42. Colotlfll Stopp^ bting prtpcAtd for run \Af .rocl*t powtrod sUd. His armi^ 
ond legs wtrt strapped down^ protect hi\,^ogoIi\t Idrge G-forcos. 

Since pilots of liigh-performance aircraft may have to eject .^at^^ 
very high altitudes, one of the e^ntial features of ejection ^\iip- 
4Dent is the emergeticj oxjgen cjlinde^, or bottle, that the *ptlot 
takes with him as he leaves the aircraft. If the pilot escapes at 
altitudes above ,50,00p feet, ht? is protected by a , pressure suit and 
the oxygen bottle. If the pilot is flying beldw 50,000 feel, the Air 
Force has an emergency oxygerf bottle that can be used in free 
fall. When actuated, it automaticallj^clivers oxygen under pressure 
for abojit 10 minutes. .This is lonj^/iough for safe descoit^ to 
lower altitudes. * ' \- 

. At first tumbling was one of the- most serious probl)?ms fa^d 
by pilots who ejected at high ' aljkucjes. When ^ pilot ejects m 
Jhe stratosphere, he does not want his parachut^ to open too - 
"soon, as he would descend too slowly. Then he would suffer 
^rom prolonged^ exposure, and the oxygen supply in his emer- 
gency bottle might be exhausted 'Before he reached an altitude 
' that could support breathing. Therefore, a pilot who ejects at a 
high altit^dc must first go into free fall. While in free fall, he ^ ' 
might be tumbled so' violently as to become unconscious. Pilots 
can keep their bodies orientcc) and prevent tumbling during 'free 
fall by making movements with their armj^nd legs. 
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Although pilots attempt to eject at high'' altitudes, mbst . fa- 
talities have occurred because the pilot was unable to get out in 
time and the aircraft went into a stejep dive. Then the pilot could 
not eject in time to separate from the seat and open his parachute. 
To increase the chances of survival at low. altitudes, the Air Force 
makres use of the X)ne and Zcfo JSystem^ which is attached to the 
parachute. This system can override the one-second delay built 
into, the automatic opening device on the parachute. 

To give 'the pilot an eVen better chance of survival on low- 
leveltjections, the Air Force is developing what is known as the 
Zertf?Zero System (zero altitude and zero airspeed). This system 
is provided with a rocket seat and .drogue parachutes, which work 
somewhat like the escape tower* on the Apollo spacecraft. If the 
pilot do^s not ejecit sooft enough to make a safe parachute. landing, 





Figort /43> Cfwtnan •jtcltng downward .from o a-47 bombtr. Th« crewmen wat pro- ^ 
• ptllfd oOl of lh« bomli«r,wh«n h« pulUd a nng on iht ttal. > 
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he is to be rocketed up to an altitude that allows for opening the 
parachute and making the descent. Research continues on escape 
systems that will be even more reliable than those presently used! 
Rocket seats,, improved capsules, and even miniature independent 
flying cockpits are being, developed. , 

To be able to use escape equipment and other pi Dtectlve^ de- 
vices and to look after |he safety /of clrew members and passen- 
gers, a pilot must have special training. jLeaming safety procedures 
is part of every pilot's training. 



alrjarilft; jtttltwnlngf 
oxyg*n hfin^ 





Seal Ejictiaii 



Figurt 44. Stqutnct following «i/>ction^rom o high p«rformonc« oircroft. Tht pilot gots 
on tmargtncx ox^gan at ha tjtcti. An outomotic tijning dtvict couiti tht porochwto 
to optn ot o soft oltitudt. 
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TRAINING PROeit^S 

•A pilot who flies ^aiHpdern high-performance jet is likely to take 
some kind of training aKintervals throughout most of his career. 
The initial training, which lasts about a year, simply qualifies the 
beginner to b& a pilot. Tjjhe beginmng civil' pilot must fly many 
hours as a second officer jjefore hejs^eligible to become the first 
officer and then the captain, or command pilot, ^of a large air- 
liner.* " \ \^ 

In ,any kind of flying there is ho substitute for experience. 
Whenever new equipment^ is iWoduced,.the pilot is given speqial 
training in its use. A pilot* whh is to take over a new .kind of 
aircraft must first undergo transitional training, or chapgecJver 
training. * i 

If continual training is needed by\he civil, pilot, it isl needed* 
even more by the ^military pilot. The mlljtary pilotMS likelJUo fly 
^vcral different kinds of aircraft and perform a variety of dnUes 
aitt^ng his career. 

Military Prograr^s 

Th^ US Army, Navy, and Air Force each clonducts a. Veptirate 
flight training program. The Army and the AirVporce* use civilian 
contract , schools for part* of the training, mostiyvin the primary 
phases of both regular fixed-wing and rotary-wingsmrcraft (heli- 
copters). Each service conducts its own advanced ^nd tactical 
training. The Navy j^^ntinues to train its own pilots in alisphases 
of the program. ^ , 

The Air Force beginning flight training program fcir American, 
pilots, known as Undergraduate Pilot Training (UPT), is changing 
• constantly to meet the needs o£ the Air Force and to make use 
of improved^ training methods. At present Air Force Undergrad- 
uate Pilot Training is 'conducted at Air Force bases throughout the 
South and the -Southwest. All of 'the training except for survival 
draining is carried through at one base. For the survival training all 
student pilots go to Fairchild AFBi! Washington. Trainees sta- 
tioned at Fairchild spend seven days in the nearby forest. During 
this time^lliey learn how to survive in hosiije territory. • 

The airsfrijDs at the Air Force trainhipfcrases hum with activity. 
All day long trainers take off and laiid as prospective pilots 
learn how to hahdle them. Two jet trainers are used: the*T-37 
"Tweetie Bird'' anXthe.T-SS Talon. The T-»37, the subsonic 
trainer (Fig. 45), is >sed by the student pilots after they^ have 
completed primary wor\ with the propeller-driven trainer. The 
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Fgure*45. Studtnt pil^K^er flight in lubionic .J-37. The instructor is showmcj the 
itiwii^^how to prepare clog of his flight. 

'V38 (fig. 46) flies at sb^^rsonic speeds. Both jet strainers are. 
highly maneuYcrablc and caJt. be fitted with equipment u^ed in 
combat aircraft. A prospective Air Force, pilot .must have about 
.16 hours of flight in the propcllcr-drivcn trainer, about 90 hours 
In the T-37, and about 100 hours in the T-38. ; ; .'^ 

/vsvaluable part of' flight training recently added is parasail 
trainin^:^ Formerly it was difficult to give the btginner a realistic 
fed for parachute jumping without exposing hinV to* some danger. 
' No)v a trainee practices in safety on the parasail (Fig. 47). This 
is a parachute pulled aloft by a lii^e attached to a truck or boat. 
After tho. trainde goes up 300 to 40p feet, hef is cut loose and de- 
.scends on his parachute. 

Besides the survivaP and flight training itself, the Air Force . 
candidate takes ^physiciiFv eiducation and has some 600 hours of 
.classroom instructten in \i5h subjects as aerodynamics, fiaviga- 
tion^ weather, insl\me^frN^ying, and general oCficer traiping. 
The, entire prcJgram for obgintaing Air Force pilots lasts about 52^. 
Weeks.. It is ej»timated that myc Air Force spend^ abcjut S90,56Q for 
each trainee who graduates from the program. ^ * , 

Air Force navigators ari trained at Mather AFB, California, 
where they learn advanced techniques for navigation. Since these 
prospective navigators will become .part of a regular ' flight crew, 
they are required to complete safety '*and sur/ival training equiv- 
alent to that given pilots. 

^ ■ & • ■ 
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n^uro 47. Parasoil dtmonstratign by Astronaut Alan Sht^pard. aN this point Shepard 
is r«ady to hoistod atoft. Stud«nt pilots Uarn how to us« a parachute by practiang 

with Ih1i> parasail. 
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Navy and Marine pilots and navigators go through a similar 
program of hard work and stud>. Prospective pilots in the Nav> 
and Marine Corps are assigned to a wing of the Naval Air Train- 
ing Commaad that is located at Pensacola, Florida. 

Navy and Marine Corps pilots also undergo training to qualify 
them, for flight from a carrier, A Navy carrier operates in the Gulf 
of Mexico off the coast of Florida for this type of training. Both 
a propeller-driven aircraft, the T^ZS, and a jet, the single-engine 
T-2 Buckeye, are used. Students make **arrested" landings (com- 
plete stops) and touch-and-go landings. Before they complete their 
worlc, they are able to come in and land on the carrier as part 
of a'flight formation. 

The science ^of flight training as 'developed by the military 
services became the basis for civil flight training. 

Civil PrDgrams 

Pilot training can be obtained at most airports from flying 
schools or from individual instructors. In addition, some colleges 
and universities offer pilot training as part of their regular cur- 
riculum. Training civil pilots is a large operation. The number of 
civil pilots being trained has increased steadily. By 1973 there 
were some 750,000 certified civil pilots. The Federal Aviation Ad- 
ministration (FAA), the agency that certifies civil pilots, also su- 
pervises their training and approves flight courses and flight instruc- 
tors. 

A flight Instructor is an expert in the art of flying and" a pro- 
fessional teacher as well. He is skilled in coordinating controls on 
an aircraft, but he also understands the latest methods of teach- 
ing A flight instructor must meet specified requirements and be 
licensed by the FAA. He must hold a pilot's certificate for the 
kind of aircraft he is instructing" his students to fly, he must have 
at least a commercial pilot certificdte, and he must pass a test 
on the fundamentals of flight instruction. Much of the reward 
that a flight instructor gets from his job is in seeing raw beginners 
become good pilots under his direction. j 

With the growing demand for civil pilots, the airlines kan no , 
longer fill their* needs by recruiting pilots trained by the military 
services They must obtain many of their pilots from civil flight 
training programs The airlines do not/give beginnmg trainmg for 
pilots, but they provide their own training for pilots who arc 
promoted in rank or who are to fly a new kind' of aircraft or use 
new equipment. 
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The major airlines have now completed the program for tran- 
sitioning their pilots from propeller-driven aircraft to jets. During 
this training many experienced pilots practically had to learn to 
fly all over again. Now the airlines arc training pilots to fly jumbo 
j.ets. In transitioning to jumbo Jets, the airlines are making greater 
use of flight simulators than ever before. Flight simulators, first 
developed by the military services, are now used in bolh military 
and civil programs for training pilots. 

H IGHl SIMi LXrORS 

A flight simulator is an apparatus that siniiulates, or gives the 
effect of, one or many conditions of flight. In the broadest sense, 
flight simjulators include fnost flight training devices. The Air Force 
uses more than 300 flight simulators for training pilots. Of this 
number only somewhat ,.more than 40 arc advanced simulators 
that reproduce the motions of flight and are controlled by com- 
puters. Actually there are two principal kinds of flight* simulators, 
stress devices and mockups giving the feel of flight. 

Stress Devices 

The low-pressure chamber, the centrifuge, and other devices 
originally used for studying the stresses of flight are now being 
used in pilot trainii\g. 

Low-ALTiTlrDE CHAM^R.— Aa important part of a pilot's train- 
ing is learning to "fly the''thfambcr^':,,9j;.to take simulated flights 
to altitude in the low-pressure chamber' XFig. 48).- The trainee 
takes these flights after he has finished his physiological train- 
ing but before he attempts actual high-altitude (lights. Seasoned 
military aircrew members go back to the altitude chamber at spec- 
ified intervals to find out if their reactions to hypoxia have 
changed. ^ 

In the chamber fligfuTthe reduced pressures are real, aad the 
same oxygen equipment is used as in actual flight. All that is 
different is "the fact that the sealed chamber rests on the ground, 
and thm observer and technicians are stationed in tind around the 
chamber to help trainees and prevent accidents. 

To get the feel of altitude, you might go with Air Force trainees 
oa ^ji .imaginary flight to 43,()0Q feet. This would put you far up 
in the physiological-deficient 'ione where pressure breathing is re- 
quired Before trainees make, this flight, they have made at least 
one* flight in the chamber to learn about using (he oxygen mask. 
A plan for the present trip has been posted in advance. 
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Figure 48. Vltw through window showing studtnts moking o "flight* ?in tht oltitudt 
^homb«r. Tht ttchnicions of tht controls -con bring tht studtnts down from ottttvd* 
r , in on trntrgtney. 

Although trainees have made a previous flight in the ^cham- 
ber, the instructor briefs them on ;the effects of reduced pressure 
.at. altitude. He also places in plain sight in the chamber' a p^ar- 
tidily inflated balloon attached to a jar. You are to. watch the. bal- \ 
loon ihflate more as' pressure in tht chamber falls. ^This will, help' 
you understand^ v^at is happening to >our body. Yhe .instructor " 
reminds you about the dangers from trapped gases. He t^lls you 
that^you ntust perpiit trapped gases to escape from your stomach 
and intestines by belching or passing flatus. He also cautions you 
about the bends, the chokes, and other forms of decompression 
sickness. You n^ed not be concerned about decompression sick^ * 
ness until' you reach an ^ftitude above 30,000 feet. Jf you should 
get the bends or. if any other emergency s&oxild develop, you . ate 
to use prearranged hand signals to let the technicians know you ^ 
nefedhelp. • * ' • 

A tedhhician tlien gives vou a pressurc-denTand' oxjgen mask 
and an emergency oxygen 'cylinder, dr bailout bottle, and you 
check these to see that they are in order. You t<;v on.tKe oxygen 
,nt^ to make sure it fits. Yoii will need the ba\loui bottle be- 
cause you are to jnake simulated free fall after reaching 43,000 
feet. Once the instructor makes "sure that both you and the equip- 
ment are ready, you don the oxygen mask* and begin jto breathe 
'^purc oxygen. The chamber door is left open "to keep 'the pres- 
sure outside your body at sea level. 




92 




PROTECTIVE EQUIPMENT AND PILOT TRAINING 

Before a pilot goes to high altitudes, either 'in the chamber or 
in actual flight, he first breathes pure oxyget^ at s^a-level pressure. 
The process, known as denitrogenafion, drives most of the. nitrogen 
from the body tissues intd'the bloodstream. f%om here the nitro- 
gen is carried to the lungs and exhaled. Getting most of the nitro- 
gen out of the body before ascent to Altitude helps to prevent de- 
compression sickifess at altitude. 

After denitrogenation is completed, the instructor g;ives the 
signal to begin ascent. The door to the chamber is closed, and the 
air begins to hiss as it leaves the chamber. You ascend -to 5,000 
feet while your ears pop. Then you make the descent to sea level 
again, clearing your cars successfully. This preliminary ascent is a 
safety check. If any of the trainees shbuld have trouble clearing 
their ears because of colds or congestion, this is the chance *for 
them to leave the flight. Everyone is all right. You begin the asr 
cent once mor^. * 

At 5*000 feet you remove the safety pin from the emergency 
oxygen cylinder. While you are still within the physiological zone, 
the instructor has you practice adjusting the'" settygs on the oxygen 
regulator (with the new type system the press^ is adjusted au- 
tomatically). 

Durilig the practice period the instructor also briefs you on 
pressure breathing. As you continue the ascent ydu begin to ex- 
penetice the strange process for yourself. Before reaching 30,- 
^000 feet, you adjust the setting, for the regulator to "Safety,^ 
^and you begin to breathe under pressure. Then your whole breath- 
mg process is reversed. You are breathing out instead of in. As you 
continue the ascent, ^ou concentrate on breathing 'slowly to pre- 
vent hyperventilation, or overbreathing. The oxygen ii cool, but 
yo^- arc -perspiring from the effort to control your breathing. The 
ppsure outside your body seems to be almost entirely gone now, 
and you begin tp wonder if you are getting the bends. You are 
* grateful that pain iti your joints does not develop. Finally you are 
free of trapped gases also. Your ears clear, ^nd the pressure in 
your stomacji is relieved. By the^ time you near 43,000 feet, the 
•pressure of Ihe oxygen delivered to the mask is tripled. 

Finally, you reach the awesome height of 43,000 feet, Yh\x 
jTcmain at this altitude for morQCnts only, but they seem endless 
JYou wonder what might happen. You do not have, too mMch time 
^ think about the dangers of decompression because you have' to 
concentrate on breathing. At last the signal is' given to descend 
You activate the efhergchcy Oxygen .cylinder and. begin the sin^u- 
lated free fall. 

As.y9u reach .25.<)00 feet/ you feel .the^'t'ension once mofe" At 
tRis altitude you are to tak9 off your oxygert mask to find out more 
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about your own personal symptoms of hjpoxia. You have tried 
breathing at altitude without .an oxygen mask before, but you are 
not sure what* will, happen tljis time. Yqu work in pairs for the 
test. You are to .take off ybur mask fir^t, and your partner will 
observe you. When the signal is given, you remove your mask. 
You hear someone ask you to*, write your name. That is easy 
enough— at first. You write your name-', twice. Then you become 
dizzy, and the pencil wanders (Fig." 4^), but yoa keep trying. 
The effort is becoming too much for you. Everything begins 
to dim before your eyes. The next thing you realize, you have 
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FIflor* 49. SampUj of a itudtnt i handwriting v*^o*w!ng th» ofUcts of' hyfJox*6. At 
25,000 U«t tho handwntinq b*(am* illtgtblo. It b^an to imprav* aft«r tho student 
rtplactd his oxygon mbtk . * 
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Figure 50. Humon ctntrifugt. A Irornte spinning on this centrifuge is 'subitcttd to 
G-forcts simllor 1o thosf; experienced by the pilot of o h.gh ptrforryionce oircroft. The 
centrifuge con be stopped Jf the troinee is in donger. 
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your mask back on, and you are brcalhing^urc oxygen. Your 
partner has helped you. When^ he lakes his turn, he is able to 
breathe for a longer time without his ntask. You know that you 
must learn 16 act* even more quickly than he docs in af\ emer- 
gcincy because your time of useful consciousness is shorter. You 
a/e reassured, 'nevertheless, because you are learning more 
about hyptixia, aSd you know that the test will 5oon be over. The 
instructor gives the signal* and you are on the ground again. 

Besides taking flights in the chamber, a military pilot* .might 
practice on. the centrifuge during his training program.' 

Human centrifuge.— A hirman centrifage j's made up^ of a. 
^gondola, or cabin,* that is rotated at the end of a long arm (Fig. 
^50) A trainee in the spinning gondola fools increased G-forces 
like those experienced during flight." * • 

Some of the Jarge centrifuges, such as (he Navy centrifuge a; 
Johnsville, Ponnsylvania (Fig. 5 1)^ create large G-forces, which 
quickly cause the subject to bldck'out.,^he fokes arc controlled 
by an observer who ^:an slow' ^oWn or stop the centrifuge. 

•A trainee leatns^ fo cope with increased G-forces by practice 
pn the centrifuge. In .time he finds out.what he can do to help 
keep the blood flowing* fr6m his heart to his brain and eyes as 
the G-forces moum. Pilots say that tenj^ing the body, grunting, or 
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figgrt 51 largt Novy ctr>4rifugt. This ctntriTugt at Johnsvillt, PtniMy^vanla, has a 
50-foot arm. Tht traint% has biomedical 'instrum^tnts attachtd to Kim to tttI how he 
1s btirig afftcttd by incrtastd'^Q^forcts. ^ ' 



screaming- help ' Such actions constrict the blood vessels pnd help - 
- keep the blood flowing against the re^stalicc of 'positive G-forces, 
Other STREs$ devices.— To familiartee them with oth^- stresses 
^of flight, prospeclivtf pilots may talce workouts on a wide range of' 
^ other stre^:§ devices. 

One Air FoVce devfcc used .to train pilots: is the Spatial^ Orien- 
tation Trainer (Fig, 52)^ It was deyclopqa by the Afr Force 
School of Aerospace ]^e^3it?iflc. This trainer has controls the pilot 
can Manipulate to regain balaricc and orientation ^ 
- A device that helps prospeptive fliersr become accustomed'* to the 
^ spinning "and disorientation experienced Xxl flight is the "biaxial 
stimulator," or the^lCoriolis chair (Fig. 53). TFiis chair enables the 
trainee to spinjn three different pl^es, just as the pilot docs dur- 
ing the rollji)g,^ pitching, and yawing of his afrcraftr^hh tlie help 
of the *^iaxial stimulator,'' the prospective pilpt' learns how sen- ' 
sitiyp he would be to disorientation during flight^ and how quickly 
' fee would regain his balance* . . • ^ 

The many di|fcront kinds of stress devices en^e a pilot to learn 
hdw to cppe'With a grc^t variety of flight , s^its^e^. A -pilot also . 
•needs 'flight simulatorsJlljaK^e^ the total * feel of fligljt. 



^ PROTECTIVE EQUIPMENT AND PILOT TRAINING - 

>V Mockups Giving the Feel of Fligbf | 

When military aircraft began to fly they were required to reach 
a speed of no more than 40 mph. One of the first Air Force 
pilots^ Lt. Benjamin Foulois, received his fl>ing lessons ' through 
the mail. Later, as aircraft began to fly faster and higher, there 
w^s a larger gap between knowing what to do to control the air- 
craft and actually being able to control 'iit. Instructors went, with 
prospective pilots when the> attempted their first flights. To lessen 
the danger of crashing, the fledgling pilot kept the plane low. 
Learning to fly by the Vgrass-cutting method" was a step forward, 
but accidents were frequent nevertheless. 



Figort 52. Spatial Orientation Trarntr. Thij flight simuiator h«lpt a pilot loafrt h^w 
to maintain bdlonco and oritntatioh. It it especially helpful in leaching pilots to tro$t 
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Figure 53. Biaxial stimulator" or Cortolts chair. This chair tests balance afid ortonta- 
tion. Tht subiect has electrodes attached to his face. They record the amour^t of 
disorientation the subject experiences after being tilted. 



Fortunatcl>, when pilots had to be trained in large numbers 
during World War II, the first Link trainer was tjcvcloped. This 
trainer, the first of the second krnd of flight simulators^ reproduced 
X with remarkable realism many condition^ of flight. Since that time 
many, kinds of-mockups have been developed to simulate the, 
flight of particular aircraft. 

With the aid of the simulator for a given aircraft, an instruc- 
tor can give his students experience in flying that aircraft without 
leaving the ground. He can, for eAampId, give them tha oppor- 
tunity for taking care of a cross wi^d, meeting an enigine failure, 
or' taking over when the cabin is depressuri/ed. The beginner cah 
try his hand at flyipg without ''the danger of crashing. 

This second kind of* flight simulator' makes training much safer 
and more economical. The airlines would have to spend large sums 
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of mone> to put jumbo jets into flight to give pilots the kind of 
trapsitional training that.can be given more safel> with flight sim- 
ulators. * s 

CiviUpilots are enthusiastic about the sophisticated flight simula- 
tors that enable them to transition quickl) to the newest aircraft. 
Such simulators have mockups that reproduce realistically the 
cockpit of ,the aircraft. They have all its controls, horns, atid lights 
(Fig. 54). Instruments are controlled by a computer that Ms pro- 
grammed to respond to the pilot*s actions^ just as the controls 
of the real aircraft do. In addition, the trainee sees the ^ame kind 
of sights outside the 'cockpit. He would, for example, get a realis- 
tic view of the i^'Unway as he is simulating a landing (Fig. 55). 

The engineers who have developed flight simulators for -the 
newest aircraft have obtained some of their know-how from 
making trainerr for astronauts. Flight simulators are used more in 
training astronauts than aircraft pilots, and the stresses of space- 
flight are more severe than those of aircraft flight, * 




HUMAN REQUIREMENTS OF FLIGHT 




Th.s real.shc v.ow of Iho rnny/ay is sen from the window of the "co^kpif simulator 
The scenes outside the v^indow* change as tfie pilot man'ipulotes controls 
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oxygc'n br<^athing systems ' 
• . oxygen mask ^ 

continuous*-flow oxygen system 
/ > ' deipand oxygen systpm 

pi;essure-demaiid oxygen ;systeni 
pressure suit ' • 

principle of layering 
paft^Upressure atrit 
full-pf^g^c suit 
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blad^er^ 

caj^tans 

helmet 

red-ouL 

G-suit 

pressurized 'cabin 
pressure differential ' 
ponventionalpressurized cfibih 
spacp cabin * « * 
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PROnCTlVE EOUlPMeNT AND PltOT.TRAlNlNG ^ 

bailout * * transitional training 

^* parachute* ' , '* flight instructor 

t canopy^ ' * , flight simulator ' 

*• parachute pack * ^ • ' ' denitrogcnation 

parachute harness » ' pressure breathing 

ejection-scat system *' > human centrifuge 

emergency oxygen cylinder j # • 

QUESTIONS j 

1. ^What are the three kinds oxygep breathing ^^ems? What is the 
/ . 'difference between them? i . I 

' ~ ' - . • 'I 

2. How is the principle of layering us^d in constructing pressure suits? 
^ What was the first successCpl pressure 1 suit like? 

3. What are the mqfin parts of a pressure jiiit? What is the principal difference 
. between the partiaNpressurc suit and me fulNpressure suit? 

4. How does the G«suft protect a pilot? ivhen Is it used? 

5. Describe two*|»roblcms that had to be solved before pressurized aircraft 
cabins were possible? What arc the two kinds of preksurized cabins? 

6. What are the pridcipal parts of a parachute? How is thejiarachute used? 
* « 

7. Explain how an ejection-seat system works. What is the purpose of Ihc 
^emergency oxygen cylinder? 

' * * i- 

8. What is mennt by transitional training? 

fa 

9. What 1^ of trainers ilo prospective military pilots feam to fly? ^hat 
are soimfof the requirements that a military pilot must meet during his 
training? * ^ . 

^ 10. How do civil pilots obtain their training? Wliat requirements must a civft 
flight instructor meet? 

11. Why are flight simulators important in training pilots?' What is a human 
^ cg[k||j|fugc; A low-altitude chamber? 

12. What kind of training do the airlines give their pilots? W hat kind of flight 
' simulators do they use? * ' ^ 

' " ;r H I N G S TO DO 

. * J 

\. Demonstrate the use of ah cntcrgcncy oxygen mask like that found on 
• ' commercial transports. Bcfprc a flight, the airline hostess explains to the 
passengers how they arc to u^c the oxygen mask in an emergency. Make 
a similar demonstration. If you cannot borrow one of the ;nasks, make 
a simple model of the mask for use in the demonstration. What kipd o( 
> ^ oxygen system is used for passengers ,on a commercial transport? Tell 

how the system operates. Why do the passengers need less oxygen tHan^thc 
crcvC' m9mbcr&? * ^ ^. 
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2. If you arc located near an Air Force base, your instructor might arrange 
for a visit to the base. to look over the flight clothing and equipment. 
Request that a technician demonstrate the ubc of the pressure-demand 
oxygen system. 

3 Explain the operation of the partial-pressure suit. Your instructor may 
be able to borrow a suit for the demonstration. If this is not possible^ use 
a diagram or a model of the suit. Ho\v is the principle of layering applied? 
What kind of protection docs the partial-pressure suit give? 

4. Explain the. operation of the G-suit. Use a diagram or model. What 
happens when the bladders in the suit are inflated? hJow. do they affect 
the flow of blood? 

5. The parachute is the basis for all successful escape and recovery. It is 
used by aircraft pilots for a simple bailout or for an ejection. The astro- 
nauts also depend iipon parachutes for their ^^afe recovery. Use a diagram 
or rpodcl of a parachute to show the main parts. Explain the principal 
steps in makfng a descent and landing. 

6. Demonsli^ate the operation of the ejection-scat system. Use a diagram 
or model *of the seat Wo explain the sequence. WJiat is the One and Zero 
System? When is it used? 

7. If you are located near an Air Force training oT research facility, your 
instructor might grange for you to watch students make a simulated 
flight in the altitude cnambcr. Find out the purpose of the flight and 
the highest altitude ^reacncd. Wf^t did you* observe about the reactions 
of the students? Did some of them develop hypoxia? 

^ 8. Describe a prospective pilot'* experiences during training in the human 
centrifuge or on the Corio|is chair. Dem^strate the Coriolis chair, if 
f^ossible, by using a sl>ipning swivel cHlir.'What is the purpose of the 

/ flight simulator you are describing? 

9. Describe one of the sophisticated flight simulators used by the "commercial 
airlines for training their pilots. What kind of training do the commercial 
airlines provide for their pilots? ^ ft ^ . 
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THIS CHAPTER explam* ho w man has countcicd the sticsscs of spaccfLght and 
how he bas adjusted to routine living in ,spbcc The chapter first describes 
th^ .stresses new to spaceflight radiation, meteoroids, and weightlessness^ and 
then some stresses of airciaft flight#that becomo more- severe m spaceflight 
t^increased G-forces, heating, notse and vibration, and lack of atmosphere) 
Next the chapter explains the* operation of the spacecraft s space cabin and 
the astronaut s space suit and tolls how these are tied into the centroJ 
environmental control system Then the chapter descnbes the management 
of life support supplies and waitc on board a spacecraft and tells how the 
astronaut adjusts to day mght cycles, how he is given medical monitoring, 
and how he meets mental stresses Finally, the chapter outlines the measures 
taken to insure the -astronauts safety oft launch and during flight Aftet you 
have studied this chapter, you should be able to do the following J, describe 
the three stresses new to s^a^<6flight, explain how three stresses of aircraft 
flight become more severe in spaceflight, ^3/ name the principal items of 
life support needed on a spacecraft and tell how these were provided op the 
Apollo spacecraft, i4t explain how doctors monitor the astfonauts, and i5< 
nome three measures taken "to injure the astronauts safety 



0 NCh^NfAN HAD I.FAFl^!Jirj) linw to put animals into orbit. 
Ik was icatls to make a giani stride in aJvanLiiiL: manned flielit.? 
After some si\t\ vcars of flight ui vsitiLieLi airertift, man rocketed 
inio space Pilots -in the \ 15 had tra\eled at recoid altitudes 
abtive 60 miles and at speeds of more than 4.S()() mph Astronauts 

' traveled at altitudes above MK) miles and at speeds ot more than 

1 7.500 mph wjitjii they first orbited in space 

* Man's progress into spaee represented swdd^n'^advance not 
only >n teims ot altitude lUid speed but also in the whole nKinner ol 
flight As* a resuh. spacefhghl brought with it new and more se- 
vere flight stresses Countering these stresses to survive and live in 
space called for escii greater ingenuity ihiin in iidvaneing flight 
through the atmosphere ^ . 
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SPACE ENVIRONMENT 

As flight transitioned from the earth's atmosphere farther into 
'the space-equivalent zone, soiAe of the fir^ problems encountered 
were not new but were more severe. m 

As man advanced into the space-eqi^alent zone, which ex- 
tends from an altitode of 50,000 feet to 120 miles, the greatly 
reducpd barometric pressure presented no new hazard. Men flying 
m ^rcraft above 50,000 feet had already learned how to protect 
themselves against lowered atmospheric pressure with a space 
cabin and a full-pressure suit. 

Within the space-equivalent zone man had already encountered 
some increase in the intensity of radiation. At an altitude of about 
20 mites, more cosmic rays are presefnt than at the earth's sur- 
face because the atijiosphere no longer is dense enough to screen 
out this radiation. Even more numerous are the secondary 
cosmic rays, which have formed as the primary ra^s collide with 
the earth's atmosphere. At this level are also found the shorter 
ultraviolet rays from the sun. The 20-mile limit marks the beginning 
of the gradual change of the flight environment from a gaseous 
to a radiation. ^nviroHment (Fig. 56). *^ 
The .darkness and total silence of space begins at about 100 
miles above the earth. Here there is not enough atmosphere to 
scatter light rays, and the familiar blue of the sky gives way to the 
jet black of space. This is the black e^Jpanse that the balloonists 
saw stretching above them as they reached the ceiling of their 
flight at more than 20 miles jbove the earth. In the darkness of 
" - rM stars instead of twinkling, stand , out as brilliant points 
of light, and the sun is a blinding sphere of light. There is no 
sound at this altitude because there is not enough atmosphere 
to transmit sound waves. Also, because of the lack of atmo- 
sphere, heat can no longer be transmitted by feas molei but 
IS gained or lost only through radiatron. ' 
At 120 miles above the earth the total space-equivalent zone 
^ begins. At this altitude there are not enough air molecules to 
create fricuon that would interfere with the orbiting of a spacecraft 
Meteoroids create another potential hazard for spaceflight. At 
orbital altitudes there is not enough atmosphere to bum up the 
0 meteoroids, or the particles of cosmic matter that travel about 
in space at great speeds. Closer to the earth thes/ particles are 
• burned up in the atmosphere. ( 

From data received from satellites, man has alrfcady accumu- 
lated a body of knowledge about space. Scientists are continuing 
to study how new hazards, or stresses, of space might affect livinc 
matter. " * 
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SPACE 



^ ^ TOTAL SPACE tiJUIV.ALENCE 
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Figura 56 Spoca tquivoUnt zont ond ipqc: At \h% Ipwtst orbitol olt^tudos iobout 
120 miiai} ostronouti find »ht toto\ iilonco ond dorkntss of spoco. At this oltitudo 
thay ora oiio axpostd to soma hormful rodiotion ond to possibia impoet with 

mtttoroldi. > 
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HUMAN REpUIREMENTS OF FLIGHT 
SiRKSSl^S OKSPU H IKim 

Three stresses are nevsr to 'spaceflight; (1) radiation, (2)/ me- 
tcoroidg, and (3) the conditioft of weightlessness. The firit two 
^ of these stresses result from the ^pace environment and mc third 
from the naturo of oAital flight. Other stresses of spaa^^!ight are . 
similar but. more severe than those experienced in l^gh-altitude 
flight in aircraft/Examples of such stresses ire increafsed G-forces, 
heating, noisa and' vibration, and lack of atmosphere. ' . , 

As man h^s progressed in spaceflight, he h^ gradually ex-^ 
tended the time of flight under stre^, For thic astronaut, it is 
not a matter of merely spending so many hours ^loft and theV 
returning to the ground to take <Up VouU/e living again. The 
astronaiut thinks in terms of adjusting hisyliving to the space en- 
vironment, as well as controlling his vehfcle under stress. Befofc/ 
you can fully appreciate the conditions jmder which the astronauts^ 
live and work in space, you qiust undohtand the stresses to which 
they are subjected. / 

. Riidhi«on • ' . ) 

On earth man is prbiccted against most of the radiations that 

come to him in all directions/ froni space. There are two means 
of protection: the earth's atftiosphere and the magnetosphere (the 
magnetic field of (he earth) (Fig. 57). These .reduce i^he inten- - 
sity of the radiation that /caches the earth. When\man goes into 
space and onto the mot/n, he leaves\bchind him the protection 
of the earth's atmosphfcre, and he may go bfcyond the mag- 
netosphere al$o. When he does this, he is exposed to the -entire 
/ range of natural radiations found in space. The nioon has neither 
({ ^ an atmosphere nor 4 magnetic field of' its own to shut out, or 
repel, charged parifcles. . 

One of the most serious potential hazards to man in space is 
that froip cxposyVe to ionizing radiation (charged partiqles caused 
by an.interadribn with radiation). The astronauts can be pro- 
tected against ihe intense nonionizing radiation— such as the' glar- 
ing visible right rays, the infrared rays, and the ultraviolet rays— ' 
by t^e visof^ in their helmets, by their space suits, and by the 
wall of the spacecraft. Shielding can also be provided to protect 
the astronauts against the ionizing radiations in the electromag- 
netic spectrum, such as the X rays and '.the gamma ra>s. It is 
the ionising radiation of the particle variety that presents the real 
^ianger to man in space; 

The ionizing particle radiation in space is made up of: (1) 
solar-flare. particles, (2> charged particles trapped. io the Van Allen 

^ 106-v . * ' - 
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Figor« 57. Magn«tosph«r« lorrOMndlng th« tarth. Tl)« magn«toipbtr« prot^ct^ ,th« 
«arth against harn^ful radiatUns from spa^f. * 

' , . . ' ' ■ ^ ' y } ^ ^ 

. radiation belts, (3) jjalactic cosmic ra>s, (thos^. coming from be>ond 
. ^ jthe solar sy^tfV), and (4), the solar, wind./Of these, the first three 
are the ROtentiaUy dangerous radiations in space. The solar wind^ 
^ although found in abundance, throughout space, does not present 
.a danger fo^ Ulan, The^prptonl*and electrons in' the soUr^wind 
' are.^too Weak, to penetrjite the w^ill ol the sj^acecraft or even the 
$ space sriiits of the astronauts. 

*iTie solar-flare particles, or the solar cosmic rays emitted dur- 
\ ing flare^^on the sun, are believed to be (he most' dangerous, 
kinfl" of space radiatiojfi. A sol^ flare is.a specUcular disturbance 
oh the sun observed in the telescope as a sudden large, increase 
in light (Fig/ 58)/ A flare may last from several minute^ Jo a 
few hours. Perhaps, as many as a dozen darfgeroijs flares . occur . 
in the sun each*year» but more than this take place during the 
Hime of peaH'^ctlvity in the^ 11 -year suitspol cycle. A larga.iola*r 
itare may^lncfeasc cosmic-ray intensity' in the vicinity o4 tile earth 
by as Tnuch as a hundred times and maintain high levels of ra- * 
dialicn fohiseveral days. The beit m^ans of avoiding the, danger 
* from ..solar flares are to ^ctiedule spaceflights at a time when such 
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' Figure 58. SoIof flares These flares .art erupting as far as 500.000 milts into space. 
^ ^ Solar flares increase the intensity of cosmic ra/s In sp^cc. 

fi|res arC' least ]ikcl> to occur amT la set up a warning system. 
When llvj' Afollo flights to the mpon vvete being made, space of- 

jr ficials * set up a system oT warning that used teleoietered data 

^from satellites; supplemented liy sttrdics of . the sun made in ob- 

. seryat9ries on *tlW eafth.--* - - ' .-.^ 

the Seconal greatest' dagger frora radiation is that, from the 
charged particles Jrapped^ in .the '\a« Allen rad{alion belts sur- 
rounding the earth (Fig. 590. , ln' the jegi6ns where the radiation 

, in the^e bdt8, is the highest^ it is linlensc^'cnbugh to kill an un- 
profec^ed man within a few dA^s. To avoid exposure to radi^ftion 
from the- Van Allen btlts. all' spaceflights in earth or\)it arc 
planned so that they avoid the' regions where the belts bend down ^ 
toward the atmosphere, and the flights di;L^ kept below an altitude * 
of^ about 500 miles. \Vhcn the ApoMo/astronauts had to pass> 
through these belts on thpir way to the mOon, they went through 
them rapidly, and exposure, was kept to a minimum. 

► The galactic cpsmic 'rajs, or the cosmic ra>s that cpme from 
outer spi^ce. are' a potential ha/ac^ .^({^use of their very high 
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energy levels. Fortunately, however, these radiations are not abun- 
dant, and the particles in the radiation are usually mad? up of 
protons and helium nuclei, which do not present a danger in small ^ 
quantities. Weight limitations, prevent using thick metal shields on 
•spacecraft as protection against cosmic rays.^ Even if such shields 
wefe practicable, it would not be advisable to use them. If a tew» 
high-energy primar> . cosmTc rays managed 'to penetrate the shields, 
they' might create a shower of secondary ^osmic rays within the 
spacecraft th^t woiild cause more harm than the original cosmic 
rayS. * ; , 

Even though metal shields are not used on spacecraft, the 
astronauts are provided with . some shielding against space radia- 
tion. The mass' ^f Jhe spa^cecraft structure and of the electr&nic 
equipment and water 'supplies stored gn board gives some pro- 
tection. Whenever possible, the equipment is positioned in Ihe 
spacecraft s(S as to give the greatest amount qf shielding. 

To give 'future astronauts better protection agairist radiation ♦ 
in space, when they ar(^ exposed to it for longer periods, doctors 
yill need ^ to obtain mbro .precise information about the way ^ 
space radiation affects the humarr'body. As the result of data 
Obtained froij experiments with living matter carried by the Ameri- 
can Ifi^psatdlite 2, space scientists- believe tjiat man is niore sus- 
ceptible to radiation in space than on the earth. The effects of 
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'Flpurt 59^~ Cross soetlon of Von ^lltn radlolio)^ btlts. Tht ortos in which radiation 
' « f/om thast btlts (s most Inttnsk Vtprtttnt a hazard to mon. 
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space radiatidn m the. human body are judged in le/ms of the 
effect? produced b> miinmadc radiation, such^as that cmiited'by 
? mpTdipaV X-ray n^achines or by a nuclear explosion. 

lS4ahmadc Joniifing radiations harm the body by causing the 
breakdown of th^' cqIJs. Thc"celis of certain ^>sfcms of tht body, 
sfidh as those of the circulatory systerfi, the digestive s>stem, artd 
the centcal nervous system, arc^ rfiore susceptible to damage from 
radiation than other 'cells. When ascertain number X)f pcjts^in the 
body, bTeak ddwri^or *a vital organ 1s i/npaired, then sickness 
and^ sometimes iJcatli result. The damage^ daiised by ionizing' racfi- 
atiorr depends- upon the, size of the dosage; the 'total area ^x- 
posed,^the kinds of cells exposed, .^nd other factors' 

. . Tfie unit 'most widely used for measuring the biological effects 
of- radjation is tt»c rad (from radiation absorbed dosage). A per- 

. son .given" a ichdst X ray is likely to absorb about 0.25 Vad? An 
astronaut exposeof to a moderate to large 9olar flare while inside 
a shSeldfd spacecraft would not be likely to receive more than 

JOO rad5. An astronaut going quickly through the Van Allen ra- 
diation^ belts in a shielded ;5pacecraft might receive about 5 rads 
on eaejh passage.- * 

To^et 9om^ idea of the possibje dam'age from%exposure to fa- 
di^tion lA terms of rads, .you might consider what happens when 
the entire body is exposed to radiation in its most acyte form on 
the earth (Fi^. 60). Under these circumstances if an entire popu-' 
lation >wcr.e exposed, a dose of about 225 rads might be expected to 
c&USe almost i60 percent ^^of the population to become sick within 
about jthree hour^i' A dose'of about 490 rads wgUld cause 80 percent 
of the populatio^ to die within 30 days'. The effects of radiation on 
the huijian body are cumulative, that is, they build up over a lifetime. 
>yhile the pffects of^a severe dose of radiation would produce drastic 
results, ^exposure to small doses might pass unnqticic^ but add up 
until they finally became hannful. For this reason it 'would seerfi 
advisable to limit the number of spaceflights that "astronauts make 
into'tegionsVherc they are exposed to harmful radiation. 

Fbrturmtcly, the data about the (5ffects of radia'tion on living; 
matter that we have at present has been obtained frOm chance ex'f 
posurc of persons to manmade radiation or from experimental 
animals. So far as is known, there have been no humarf victims 
of natural radiation. Although American astronauts arc known \o . 
have^befcn exposed to small amounts of radiation, both in .their 
sj)acecraft and ^n the moon, they, have suffered no harmful ef-. 
Yects. Also, military pilots Jhavc bee^ flying aircraft, at yery high al- 
titudes for a numh/:^ of years, but they have shown no cumula- 
tive^ effects from radiation. 

O iro 
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The potential danger froni ionizing radiation in •space docs exist, 
however, and it must be taken into account in planning future 
*spaceflights. More accurate means of predicting solar flares are 
likely to^c developed, and additional means of shielding the space- 
craft are under study. Soviet cosmonauts have used chemicals 
and drugs to give them protection against radiation; b\it American 
doctors do* npt favor using drugs,' as these may cause si^le effects. 

Meteoroids ' • 

A second hazard to man in space is thaf irom the, small pieces 
of tnatter kn6wri as bietcoroids. The very smallest particles," which 
«re about the size of specks of dust, are called micrometeoroids. 
Even though all meteorite material is quite small, th>* particles 
can generate considerable energy because, they travel at speeds 
varying from 30,000 to 160,(toO/mph. At these speeds, an im- 
pact of one of the larger meteofoids with a spacecraft would be 
/dis2^strous. The meteoroid would break tlie ^eal of thb spacecraft 
and cause 'rapid decompressiop. Its .effects on an astronaut in ex- 
travehicular activity (EVA) would be eyea swiffer and more 
catastrophic. The very small meteoroids, or the micrometeoroids. 
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HUMAN REQUIREMENTS OF FLIGHT 

would not puncture the seal of a spacecraft or even a space 
suit) but they do cause erosion of surface materials. 

To protect man against the possible impact of meteoroids, 
engineers use a meteorite bumper* On the American spacecraft 
the bumper is the outer, or second,^ wall of the module carry- 
ing the astronauts (Fig. 61). On EVA suits, the bumper is an 
extra layer of material. If ^ meteoroid were to strike against a 
bufnper, it woul4 spend it^ energy in puhcturing the bumper, 
and ttie seal of the space cabin or space ^uit would remain in- 
tact. 

Before manned spaceflights began, scieittists believed there was 
a great potentiaP danger to astronauts from strikes by meteoroids. 
Because of studies made with the^ special Pegasus satellites, and 




FIgurt 6K M«ttorltt bumptri. Tht outtr wall of tht Apollo^ eomipand moduli odt 
at a mtttoritt bumptr. Tht many-laytrtd whitt eovtralU of th« Apollo moon tuiif 
alio act#d 01 a mtttoritt bumptr. 
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Other spacecralft, scientists now believe that there is, little Tikcli- 
hood that a spacecraft would be hit by a meteoroid' large enough 
to cause, decompression. The possibility does exist, however, and 
efforts wifl be made to construct better bumpers or possibly self- 
sealing walls for, spacecraft. . , ^ 

Weightlessness , . • 

The third stress new to spaceflight, the condition of weight- 
Tessness (zero gravity), is brought about because centrifugal' force 
balances the force of gravity and cancels it, out during orbital 
flight. This means that just soon as the. spacecraft goes into 
orbit, it becomes weightless, as w^I as the passengers and every- 
thing else in it. Fluids break up into drpplftts and float ^aboutjn 
the spacecraft if not kfpt in closed containers. The astronauts 
float as they mbve about, whether in the - spacecraft or in 
extravehicular activity (EVA). Weightlessness, continues as long 
as the .spacecraft is in orbit a^d no thrust js^ added to the voiiicle. , 
When propulsive power is 'applied to the spacecraft to majpeuver^ 
or to bring the spacecraft out of orbit/ gi:&vky force is felt onx:e" 
again.^ , 

Before man went into qrbital fligH there' were fears abqut 
what ^ould happen to the human body *once it' became weight- 
less. Some scientists believed that nl?n while v^eightless would 
have a xontiaual feeling of falling that would in time become juij- 4 
bearable. Others believed that the vital organs would -sfoif func- 
tioning or would not function in a normal ^yax, causing all ^inds* 
of maladies.* - . - * * • 

' 'The early fears about the weightless condition have been laid , 
4o rest, but thesis fears were not grbuhdless, All tiie organs and 
systems of the body have becpme adjusted to functioning in a ^con- 
dition of eacth gravity (1 G). When the body is suddenly sub- 
jected to increased G-forces at .latinch and then, brought to a 
condition of weightlessness in orbit, ''the central^ nervous, system^ 
must bring abbuf adjustments ^'fhin the body, cells and tissues 
to Tnaintain them in a stable condition in order to sustain life. 
Scientists hjcQh obse^ed that certain changes seein 'to take place 
within the body as it adjusts to' the weightless condition in orbit, 
sueh as changes in..the jcirculatory system and in the muscles. Then 
Hen the spacecraft drpps. out of orbit and the astronauts come 
back to the earth, the body ^djusts to earth gravity again. 

Extended experiments on the real weightless condition cannot 
bd duplicated on the earth, You may feel weightless when you 
drop quickly. in ^n elevafor or make a steep dive on a roller 
coteter, but your ^ody is being subjected tq gravity force all the 
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time. There is no, counter force to cancel out the gravity force, 
as thei:p is dyring orbital flight! The only way that true weigl)t- 
lessness can be duplicated is to fly a. weightless trajectory, or a 
parabolic arc,^ in. a, high-performance aircraft. This is done by mak- 
ing a power dive and then a stejjp clinib' and a nolse-ovSr (Fig. 
'62). At the top of the trajectory, a condition of weightlessness' 
.(Fig. 63) is attained for a matter of 30 tp 40 seconds. Pilots .ac- 
cidenlall) discovered the effects jof this weightless trajectory during 
World Wai:"^!. Later, flight surgeons at the Air Force School of 
Aviation Medicine reproduced the flight trajectory to study ^ the 
condition of weightlessness ia' anticipation of , spaceflight. Persons 
who fjew the weightless ^trajectories reported varying reactions. 
Some found the condition pleasant and relaxing, but others ex- 
perienced nausea and disoirientation during weightlessness. . 

Just before the first spaceflights were made, scientists uspd 
•tfcsfs with subjects confined in bed to approximate the weightless 
condition. Later, af-ter the astronauts had some difficulty in per- 
forming ^§pace w0rk during EVA, they began to experiment with 
underwater workouts with scuba diving equipment to sin?ulattf 
condhio;is, in orbit. They foi^nd that the condition of the l>ody in 
neutral buoyancy underwater is similar to ihat in space. Coftffne- 
ment in bed |pd^ underjvater pra9tice still leave the body subjected 
'to the earth gravif> force, Weightlessness can only be approximated 
oil the ground. ^ 



(J 




'figure ^2. W«ightt«ss flighf traitcrory. Afttr making a power d'lvt, th« aircrafr* 
nos«s upward and«th«n coast) fhrough a w«ighft«ss arc. n 
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Figurt 63. Aitronaut •xptriencmg w^ightltssness. Astronaut David R, Scott is trainmg 
with a monoMvering gnlt during a weightless flight trajectory. 

American astronauts have successfully overcome the effects oK 
> being weightless in orbit for periods up to two weeks,^ and tfjpy 
have readjusted to normal e£\Fth gravity again after their flights. 
The question still remains as to what will happen to the .body 
during longer* periods of weightlessness.: * 

The Soviet cos^monauts have reported some experiences 'with 
nausea during weightlessness* and they have experienced some 
difficulty in readjusting to earth gravity after longer flights. After 
the Soviet cosmonauts returne^U' from the new world record fJight 
of 18 days in the Soyuz 9, in June 1970, they had" to be helped 
from their spacecraft. The weightless condition appeared to have 
affected (heir coordination, ai^d* it topk about five days for their 
bodies to return to normal after the flight. 



*\Uiir thk book wmt to prew. the Sk)trtb I astronauts made a new* American record with 

Ihtfir <iic<.c«ful 28 U.H niRht in orbit lime in orbit should be IntrcascU even more on later 
to the vSkylab 
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The experiences that some pilots have^hacj durmg weightVss- 
hcss^mighj help to^ explain ' the deati^*^f the jnpnkey BDnn;y. 
'In June 1969 Bonny was placed in orbit .for a scheduled 30-day 
flight in the American Biosatellite 3 in order to collect data 
about weightlessness. After abcJut 9 days in orbit, .Bonny became 
sluggish, and thei>, after being brought back' to earth and safely 
recovered, died about 12 hours later. An autopsy showed that 
death was caused by heart failure, which, was probably brought 
on by a combination of weightldssness, immobility, and cold. 

The principal means proposed for countering weightlessness is 
to rotate the ^spacecraft and in this way create artificial gravity. 
Engineers have suggested that modules Of a space station that 
are to be inhabited .could be rotated. At present there are no 
•plans for rotating US spacecraft. The Skylab win be orbited with- 
out rotation, permitti^ng scientists to collect data on the reactions - 
of the human body to longer periods of weightlessness. 

Perhaps we have tended, to oVfecemphasize the unknown in ' 
spaceflight and ihave overlooked the importance of known stresses.^ 
Consequently, space' scientists continue to study the effects on 
man of such known stresses as increased G-forces, heating, noise 
. and vibration, and lack of atmosphere. 

s . . ' . " . Increased G-Forces ^ 

As man went into spaceflight, speeds » increased Super- 
sonic to cosmic speeds. All vehicles that orbit finally reach a 
speed of at 'least 17,-500 mpK, The Apollo spacecraft, launched 
on a free-return trajectory tq the moon, reached a speed of 

^ mor^ tlian 24,000 mph as it left ttte earth and as it returned to 

" the earth. As a result of rapid acceleration and deceleration, 
astronauts h^ve b^en subjected to a^new order of G-forces. ^ 

' When the rocket booster accelerates at lalmch, G-forces reach 
a level varying from 3 to. 8 G. At reentry the astronaut is again ' , 
subjected to increased G-forces when tlie spacecraft impacts with 
the' atmosphere and ' flien^ by the opening of the parachutes. A 
profile of the G-forCes felt by astroiiauts is shown in Figure 64. 

'When the Mercury spacecraft reentered . the atmosphere, ; it 
dropped like a ballistic body. The Mercury' astronauts reported, 
some shock as they impacted the, atmosphere and as the large' 
parachute opened. Considerable lifting ability was built into the 
Gemini 'arid Apollo reentry modules. These modules usually re- 
entered at grpatcr speed than the Mercury spacecraft, but be- 

^cause of their lifting abilities, thqy came down more gradually. 

. Thia kept the G-forces at reentry within, tolerable limits,. 
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Even thaugh ffilejQpreased G-forces experienced in spaceflight 
have, been consideraWy lower than at first estimated, they ate far 
greater than^thosc experienced in aircraft maneuvers. In space- 
flight the greatly increased G-forces at launch and reentry can be 
tolerated by the astronaut because he is' lying down. In this 
position the G-forces act across the body, not from heAd to foot 
as with thp seated pilot (Fig. 65). G-forces acting across .the 
body* are known as tfansverse G-forces« For years engineers 
have tried to find ways for placing the pilot of an aircraft in a 
reclining position so ihat he could take the G-forces across his 
body, but it i$ impossible for a pilot to control an aircraft while 
lying down.. . 

On the Mercury spacecraft a fomvfitting couch was used for 
the astronaut, but this was -found to be too confining. On thp 
Gemini and Apollo spacecraft the astronauts use a seat that allows 
them to recline with head and legs slightly raised. In this reclining 
position the length of the critical blood column, or the distance 
that the heart must pump blood to reach the brain and eyes, is 
greatry reduced, as shown in Figure 65. Thus the strain on the 
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Figur. 64. Typical G fjiFt.i dOring diff«rtn! ptriadt tn flight af spac«croft (Qunch«d 
by a thr«« stag* baatUr. A! c««n!ry !h« G-farc.i {ncr«atv at th% fnity maduU — 
Impocts tht atmotphtrt *and again at tht parachuitt a^. 
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Figurt 65. ^Irtdiort of G forc«s on body of rtcllning astronaut and stattd. p(1ot. 
For tht astronaut, tht G-forctt art transvtrst. Thty ad aerpst tht body *from chtst 
to ^ck. For tht stattd pilot, thty art vtrticat (positivt). Thty act ,from htod to 
ftftciPor tht astronaut, tht vtritcal distartct bttwttn tht htart and tht brain <md 
tyts h about 10^ cm. For tht stattd piloti it Is about 30 cm. A f<?rct of 10 G U 
tquat to incrtasing tht vtrtlcof distonct 10 timts. 

heart is likewise reduced, and the astrpnaut is able to take forces 
as high as 20 G for a^rief period. 

^ The astronaut*s arms and legs become inunobile when subjected ^ 
to liigh G-forcc5, however. The arms cannot be effectively con- 
trclled if the^G-forces r?^ch itnore than about 4 G. The hands 
and fingers can tolerate forces of 7 to 9 G, but they cckild not 
operate conventional aircraft controls under such heavy losM^ ^oi 
this reason side-stick controls are used on a spacecraft for control- 
ling pitch, roll, and yaW, and on the spacecraft Ac position of 
these controls ^has been changed from that used in an aircraft. . 

> . ■ •■ . ■ ''iss' . ■ ■, ■ ■ 
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Heating 



When the reentry module, or the module of the spacecraft in 
which the astronauts travel, is ready to be launched, it rests at 
the top of the stack on the launch pad,' with the small end upper- 
most. As the module is launched, the small end impacts the 
, atmosphere (Fig, 66), offering the teast amount of resistance 
and therefore causing .Uie least amount of aerodynamic heating. 

At reentry the large blunt end of the reentry module impacts 
the atmosphere, thus slowing down the spacecraft but causing 
intense frictio;ial heating as it does so. The heating is so great 
^^at flapffes envelop the module (Fig. 66). 'When the reentry 
'^module of the Apollo spacecraft (the command module) impacted 




Figurt 66.^ Atrddynamic htating of Apollo command modult. At launch tht pointtd 
tnd of tbt nvodult Impoctt t)it atmos^htrt, and htattng (s slight. At rttntry tht 
largt blunt tnd impadi, and htoting is inttnit. Flamtt tnvtlop tht modult. 
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^ the atmosphere at speeds of more than 24,000 mph, some sur* 
faces on the module reached temperatures as high as 5,000 de- 
grees F, The protective heat shield on the Apollo command 
module covers not only the blunt end, as oo the Mercury space- 
craft, but the sides of the module ^s well. 

The fiery reentry is another feature of spaceflight that makes 
it different from aircraft flight, and the need to protect the space- 
craft at reentry complicates space rescue, A pilot can eject from 
an aircraft at the very limit of the {light atmosphere and be saved, 
, as demonstrated by the parachute jumps of Captain Kittinger, 
but at present no astronaut could escape from a disabled space- 
craft and reenter the atmosphere* He would be burned up like 
a ^metebr. . 

Besides factional heating on the outside of the spacecraft, 
other heat builds up on the inside. The bodies of the astronauts 
give off considerable heat, a large ariount of heat is generated 
by the electronics equipment, anc{ heat rays arc transmitted directly 
from the sun. The total load of heat within the spacecraft is 
usually quite large, and heat must generally be dissipated. There 
are times, however, when additional heat m^y be needed, as when 
the spacecraft is shielded from the sun's rays* To regulate the tem- 
. perature within the spacecraft, a central environmental control 
system is used, which is described later. 

Noise and VibraUon . . 

The greatest stresses from noise and vibration in spaceflight are 
expcfrienced when the rocket" booster launches ihc spacecraft into 
orbit. When the thrustcrs on the spacecraft itself are fired during 
flight, the noise and vibration, the^ generate represent only dis-^ 
traction or irritation. The rockets ihat fire at launch, however,' 
cause real .physiological 'stresses. ' ' 

At launch the successive firings of the stages of the large rocket 
booster^ produce noise levels of 145 fo 175 decibels. These are 
well above the upper limits of man's tolerance to noise, or the 
levels of 140 to 150 decibels, the rocket engines of ^the Satura V, 
the largest space booaer by far, produce the loudest noise.. For- 
tunately, the Apollo astronauts were shielded against dangerous 
noise levels by being placecl at a considerable distancd from the 
rocket engines. At liftoff their module* rested near the top of the 
364-foot stack, just under, the. escape tower. They were further 
protected from the roar of the Saturn engines by the double 
walls of the command module and by their thick helmets. The 
astronauts in the Mercury and ijemini spacecraft were much closer 
to the rocket engines as they fired at launch, but these engines, 
generated far less noise than the Saturn engines. . ' 
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With the earlier space boosters, the Atlas and the Titan II, 
which"^ Vi^ere used to boost thp Mercury and the Gemini space- 
craft, respectively, vibration rather than noise was the principal 
problem. The Atlas booster was developed from a first-generation 
ballistic missile, which generated considerable vibration as it fired. 
To inanrate the Atlas missile, or make it safe for' launching a 
manned spacecraft, the vibratipns had to be dampened out or 
eliminated. This >yas necessary because many of the vibrations in 
the booster were in the' low range of 1 to ip cycles per second. 
Vibrations in this range would have set up dangerous vibrations 
in the spacecraft^ cai/sing certain vital organs in the astronaut's 
body, such as the , lungs and the abdominal systems, to vibrate 
along with them. This would have- caused tearing of the tissues 
holding the organs in place and could have produced fatal ren 
suits. Since the Saturji boosters^ were developed for launching a 
manned spacecraft, dangerous vibrations could be eliminated in the 
design or early tests. " ' 

.Noise and vibratibn, intense frictional heating,* and greatly in- 
ctfease'd G-foj:ces are stresses felt during the powered phase of 
spaceflight or at reentry. All the time a spaceflight is in progress 
the astronauts rilust protect themselves, against low ^ barometric 
pressure. " ' % 

' ^ Lack of Atmospheric Pressure • * * 

Since'^'^ spacecraft must be designed to operate , in the near 
vacuum^ of space, it must be able to take the totaf pressure of 
the cabiti atmosphere across its walls^as the pressure outside be- 
comes '^bro. Up t6 the ti^ie of the Skylab laimcli, a pure oxygen 
cabin aitiosphere pressurized at about 5 psi had be^n used in US 
spacecraft Such an at^hospherc ^provided enoughjoxygen . pres- 
sure to^protect the ^tronauts against hypoxia anfl^ give" ade- 
quate (^unterpressurc , against the body. Soviet en^irters have 
duplicated the natural atmospheric gases and n^ntained a pres- 
sure oC about 14.7 psi in their space cabins. Sua^ an atmosphipre 
requires* a much he'avier structure to contain if and .wthstand the 
tremendous pressure across the cabin walls-. From ihe beginning ' 
the Soviets' havQ built'* much heavier spacecraft than we have.l 
They wclre able lo launch such^ sf)acecraft because their space' 
t)posters svere much morjS';|>ower&iLihan ours, . • 

Regardless thcr atmosphei^' used,*'lhe danger of dec^esmv 
pression js an^tfvQr present hazard. It unlikely lhai a'lurge 
incteoroicf woul^ ptincl^r^^the' wait;<?f,a spacecraft and cause dij.- 
comprcssion, hjit .therc^Js real dange£jpf,a mech'anicak f^iluro 'in ^ 
somp elei^ent of tlic^p^ssurusation s/sten> of in the sfacecraft* 
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Structure, for pjldts of Jiigtf-flyihg aircraft the time ' of . useful 
conscicjusncBs, or the ti^e allowgd for taking emergency mea- 

J^ures when deprived of oxygen, bu^mfes a iftAltter of seconds. For 

• the astronaut in space^ thi tiiqe approaches zero. 
***5n spite ,of the potential ^hazards of 'decompression in space, 
there^ had been no instanc^s^ of such decompression up to June 
19'7irTlion three Soviet cosmonauts in/the Soyuz;H, after mak- 
ing \i3iat^ would have been .a new fccord $tay of 24 days in 
5p^ce, died, as they w.efe reentering the atmoiphere. The module 
in W^ich thejf were tfa'yeling dgvcloped a '.leak in a hatch as it 
.sei)aTate*d from another ^module. An autopsy .revealed that the 
victims probably died 6f an air .embolism; or the injection of air 

Mnto ^the' bfoddstreanu*from their ruptured lungs. Their bodies 
Showed the most severe signs pf decompression. Much of the blood 
h^d* evaporated, or boiled away. 

After US space officials* received a report on the accident, they 
topk,addfea precautions ■ to insure that the astronauts wore space 
^fts 'at iTaz^rdous times during the flight. Additional safety mea- 
sures for American astronauts are.tlje warning signals built into the 
^nviromnental control system in their spacecraft. 

0* ^ FNVIRONMFMAL COM^OI, SYsSTKM 

In the spacecraft, just |ljn high-flying aircraft, a pressure suit 
(space suit) is used as a backup for the space cabin. During the 
greater p^ of the flight, the astronauts remove their space suits 
and enjoy the pressurized environment of the space cabin, or 
what is called the jshirt-sleeve environment During the most haz- 
ardous parts of the flight, the astronauts put on their space suits 
to be in ri^a^iness for an emergency. They also wear their space 
suit$|avHen tl^ev are dcpressurizing the spacecraft in preparation 
for EVA or actually engaged in EVA. Whether the astro- 
nauts are enjoying the shirt-sleeve environment or ary wearing 
their space suits, they are receiving-;oxygen support from a cen- 
tral system. • ^ . ' 

"In a spa^fecraft, unlike in an aircraft, oxygen support is not 
given separately. Instead it is part of a complex* life-support 
systenl. called the environmental control system. Such an inte- 
grate'd system Is needed for controlling the environment during 
spaceflight because the astronauts must adjyst .to living and work- 
ing in the n^ar ^acuum of $pace for extended periods. They cannot 
return to the earth to take on more^c^ygen or life-stipport s'up- 
plies or drop back to tlie ground quickly. in case of an emergency. 
In a spacecraft the space* suit and thjc space cabin bsc^ tied into 
the iargers environmental- control system. ' > • 



Space Cabin ^ 

The* environmental control system of the spacecraft is located 
within the space cabin, "or the module in which the asttji^uts 
ride during the flight. The system channels a supply of pressur- 
ized oxygen to the space cabin^ and it has warning signals to let 
ther astronauts know if a leak should develop in the system. This 
would be in addition to the small amounts of oxygen th^t nat- 
uraljy seep through the walls of the spacecraft even though they 
are tightly sealed. Since gas molef ules are highly active, they con- 
tinually try io move* from the pressurized area of the spacecraft 
to the region of near zero pressure in space. Also, when the as- 
tronauts left their module for EVA, they had to depressurize the 
spacecraft by allowing all the oxygen to "bleed but," and they 
had to renew the oxygen supply when they returned. AH the time 
the astronauts were within the spacecraft^ however, they depended 
upon t^e environmental control system for their oxygen, supply. 

Besides providing the supply of ox^en for the space cabin, the 
environmental control system removes carbon . dioxide,' solid par- 
ticles and .other contaminants, and water vapor from the cabin 
atmosphere and provides a mearts for cooling the cabin. The dia- 
gram in Figure 67 shows how the , environmental control system 
operates in the .command module of the Apfollo spacecraft. The 
oxygen enters the system from the service module, where the oxy- 
gen supply' is stored, the surge tank in the command module 
capies reserve ^oxygen that is uSed at reentry after the command 
module has separated fr^m the ser/icc module. A similar system 
. was iiscd on the Gemini spacecraft". On thfe Mercury spacecraft 
'the oxyge'n supplies, and the environmental control system >yere 
both contained in the single module. , , 

Since the asjronauts Ijare closely confined in the space cabin, jt 
is vital that all,contam|nams and noxiou^ gases and vapors be re- 
moved fromf fce atmoiphere and that it be constantly purifiedy 
NASA^has dev^oped k small, reliable system for detecting harm- 
ful'gases in thefspacelcabift', and a simple but reliable means has 
been used for purifying the breathing atmosphere. 

Carbon dioxide i*^moved from the cabin iatmosphere by trap- 
ping it in the chemical lithium hydroxide contained in metal 
canisters. (Fig. 68). These canisters were -also used in the lunar 
n\odule. When the astronauts on the Apoilo 13 were making use 
^of the lunar module as- their "lifeboat/' they noticed that the 
c^nis^cr in the module w^s ho longer effective and that carbon 
dioxidQ was building up to dangerous levels. With the help of 
grdund cqntrt)!, the astronauts ^tigged up a ihakcshift lithium, hy- 
droxide canister to purify the /atmosphere. % The TegiHar canister 




t* Flfluro\67^ Envlronmtntal tontrot • sy$t«m o^ tht Apollo command moduU. tfiti 
diagram shows j)ow waUr ».and oxyg«n dr« chann«l«d In Iht lif« support' sytttin. 
Jh«. Apollo jpoMcroft mak«t ui« of aj^«m}dot«d lif««tupport syit«(n. . 

also contains charcoal filters^ wfticlf absolr^) , odors' and ^^oxious 
gases; and glass-cloth filters, wfiicli.trap small solid particles apd 
keep the litfiium hydrpxi^et from^ getjtog ifito^lhc atm0Sphc|^. , 
Large solid particles are caught by another device; a debris/trap. 

, inade^ot fine-mesh ^fes. • ' I'-.v. ^ ^ ' 

Tht water vatpor in ttie^,.cq]bia atmosphere, whicji accumulates'' 
in Jarge qua.tttiticSi from the astronauts* breathLjg and jlcrspiratibn, 
IS. removed from ft)?, atmosphen^.and recovered. The rj^ovei'e^* 
water, mixed with a copj^t (glycol)' dan, be t:irculat0d . thrbu^^ tbe 
^pace cabin.., The circulating.jEluid picks u^. hpat from' t'lje princi- 
pal he^t sources and then flows, ta 4he vi^idfiitoir located oil tjfeout- 

. side'ofjhe spacecraft. On .the flights to the, moon the spacecraft,^ 
was rotated slowly^ at. intervals (what' thc astronauts called jthc,' 
^'barbecue mode^*). to allow^even exposure to s^ce and. tc^ permit ' 
more heat'|o '<^capc from the radiator, in/ space it is, not a sim- 
ple matter to lose the heat that builds up within the Waled cabiit^ 
Qn e^rth* there are three means, of transferring heat: radiation, 
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*conve9tion, coodijction. In sppce there is only 6nc method; 
radiation. ^ " , ^ 

. Jyst as it ts difficult to reprod^ic^ cooling, ^lethods in space, it 

*is also difficult to' make up : an" artificial atmosphere that !s as 
satisfactory as, the real earth atmosphere. The ideal atmosphere 
for a*^pace cabin would be a mixed pressurized at 14.7 psi, 

• just ^s the jearth's atmosphere is'. Using such an atmosphere for 
US spacecraft' in the beginning presented too many problems. On 
the fifst thre^ series of \ US spaceflights (Mercury, Gemini, and 
Apollo), a J>ilre .oxygen atmosphere was uied at much less than 
atmospheric pressure. Pure oxygen presents a fire 'hazard, as was 
shown by the tragic fire on the launch pad. during a test of the 
ApoM6 command module in January 1967. This fire took the 

* lives of Astronauts Grissom, White, and Chaffee. A§er the fire, 
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^ BQur« 68. Uthium h/droxld* conUtfrt for purifying th« breathing atmosphere. Each 
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canisters art changtd alttrnattly« ont tytry 1^ hours. 
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the module and the space suits were modifie'd to make thejn 
fire-resistant, but the dangqr 'ot breathing pure oX>gen. for pro- 
^ longed periods still remained. 

Pure oxygen can be breathed at reduced pressures at altitude 
for periods up to 15 days without causing harm. If the astronauts 
were to breathe ptfre oxygen for periods beyond this time, they 
might begin to show ,somd of the effects of oxygen pQisoning, 
the cause of which is not yet understood. In addition 'to causing 
. poisoning, the breathing of pure oxygen for prolonged periods 
causes other changes in the body, such as the drying of the ijjucpus 
membranes. Doctors liave given 30 days as the limit for astro- . 
nauts to breathe pure oxygeQ in the spacecraft. Since the second 
and third visits o£,thq astroaaut& to the SkylaB are scheduled .to 
last longer, a mixed^gas atmosphere is to he used for the Sky- 
lab. Nitrogen will be used to dilute the oxygen. The mixed gas 
V^ill be used in both the space cabin and the astronauts' space 
suits.' ^ y 

. . ' Spacc^ Suits - - 

^ The space suits worn by the astronauts developed from the 
full-pressure sqit of the combat pilot. About two years after the 
first full-pressure suit was. ready for use,' spaceflight began. Tfie 
Mercury space suits grew out, of the Navy full-pressure sutt, ai\d 
the Gemini and Apollo suits developpcj, from the Air Force full- 
pressure suit and from the, research findings made by the Air 
Force. The. security, comfort, .and mobility needed for use in 
space for extended periods led to the design of a true space suit 
(Fig. 69). As the Mercury, Gemini, and Apollo ilight^ progressed, 
the space suits designed for these flights were improved. Devel- 
oping space suits for the , astronauts has required the same kind 
of advances in engiribering and biomedical knowledge as were 
needed to develop the spacecraft itself.C ► 

In the course of spaceflight the astronauts have acquired a 
wardrobe of space clothing. There is the space suit that is worn 
inside the vehicle and the space suit tijat is worn outside, or the 
EVA suit. In addition, the astronaiif has a space unde^arment, or 
space underwear. Each . garment is fitted individually and tagged 
with the astronaut's name. • . 

After the Gemini flights werd underway, a new lightweight, 
easily removed space suit was developed (Fig. 70). Beginning with 
the Gcmini-7 flight, the astronauts have taken off their spACq suit, 
inside the spacecraft and^ have Spent a large part. of. the time in 
their space underwear^^ ^^njoying the shirt-sleeve enyironmSnt. 
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When the Gemini-7 astronauts returned to earth, they were, in ex-, 
cellent physical condition. Dr. Charles Berry, their flight surgeon, 
stated tjhat their improved condition might in part be explained 
by the fact that they were more comfortable and sweated less 
than 'the astronauts* who wore their space suits throughout the^ 
trip. * 

There^ are two kinds ,of space undergarments; the garment de- 
signed for air cooling, which is worn inside the spacecraft, and the 
garment with coils for water-cooling, which is, used outside the 
spacecraft. The water-cooling system must ht^ used with the back- 
pack and the small portable radiator. Both kinds of space under- 
wear have attachhients for a coipmunication belt, equipment for 
collecting urine, and the. biomedical instrumentation belt. The un- 
dergarment acts, as the bottom l^yer of the space suit. • ^ 
• In developin^^pice, suits, scientists and ^gineers faced similar 
^ problems as in |)erfecting pressure suits for combat pilots, Bilt. 
their problems were much more difficult to solve. The space syits 
are sjiibjected to an even larger amount of ballooning when the 
pressurized bladder is used in the vacuum of spacp. With the 
space suit, as with the pilot's pressure suit, another layer of ma- 
. terial rs usca to hold the pressurized bladder m place. The prin- 
ciple of layering, used in Wiley Post's first successful pressure suit. 




, Flgur* 69^ Aitronout John GItnn In Mtrcury spoct luit. Glenn woi suited up for the 
i\nf OS ofbltol spoc^flJght^ Note the pockets on the suit for holding" usefuf Items. 
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has been applied to the space suit. In the space suit there are more 
than two layers of material, and each layer serves a different pur- 
pose. This is shown in the diagram of the Gemini EVA suit 
(Fig. 71). 

One of the'problems that plagued the , astronauts on the first 
longer EVAs b.n the Geniini flights was inadequate ventilation of 
thcif EVA suits. Space work required ihe expenditure of more 
energy than first estimated, and the astronauts perspired freely 
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* •whilp'^doing space work, ^i^c the moisture froip their perspira- 
' ^ tion was not removed from iheir -EVA suits quickly enougH, their 
' helhiets'iogged over. During EVA on the Geminr-9 flight, Astro- 
naut Eugen^ Cernan'had to stop his space work and return to 
, the spapecraft because he was blinded. His helmet fogged over 
and th^jn ffo^ed, since the spacecraff was, on the dark side of the 
earth. By the time the Gemini flights were commg to an end, 
th^ EVA sliit had been perfected, and fogging of the helmet was 
no longer a problem. . ^ ' 

, The Apollo moon suit (Fig. 72) was the most advanced kind of 
space suit developed/up to this time. It was actually a miniature 
spacecraft for tempo'rary use on the moon. When dressed in his 
moon suit, the. astronaut carried his oxygen supply in the back- 
pack, callefl'ihc Portable Lift-Suppbrtt System (PLSS), Ihis made 
the astronaut independent of the lunar mddulc during EVA. The 
Gemini astronauts were connected with the spacecraft during 
EVA, and they received oxygeji through, ^an umbaiol^ contained in 
the tether, 'together Nyith the commtmication line. Tne moon suit 
had its own comrhunications' equipment and oxyafcn supply, fo- 
gethep with' a supply of drinking* water and ^ orange juice, bio- 
. medial insthiment^tion, apd provisions for urine ^nd feces collec- * 
tion. t|An overgarment Nvojirn with the moon suit., gave protection ^ 
agaiiist j^diation and impact by meteoroids on tne airless surface. 
oL trie moon^ The underga^rmpnt worn with the moon sui^ con- 
t^Aned- the coils that^ allowed hvater-cooling of me suit to protect 
the astronaut against the .temperatures Of 250 acgr|?es F. 0r even ^ 
h{gh«!r* that he. encounterpo on sunlit surface '.of the moon. 
The J special gold-coated visoSrtin the helmet, of |he moon isuit 
protected the . astronaut againLr gl^rc and harmful .ra4iation from.^ 
the sun. A system of b^i»^ in the arms ^nd ligs of the suit/J 
allowed greater ^fre^ji^nTof movement than^ the^.elasticizc'H link' 
net) or "fish ne1t,'^dsed in |he combat pilot's *\iit aim in the Geminji 
EVAsuit. . r ^ I I I / 

' The moon.sllit \yas resupplifec} for the next EVA when the. a^- 
'tronauts reliirned' toJLlie lunar module. M this time /hey picked 
up new oxygen tanks, water reservoirs, bSueries for electric power, 
and lithium hydroxide elements for the canisters. / ^ / ' 

When the o;{!^gen supply in the environmental control system is 
channeled to the suit, either in the spacecraft or dunng. EVA, the 
pressure of the oxygen is stepped .down from » the cabin pressure 
of about 5 psi to a pressure o( about 3.5 /psL Lowering the pressure 
prevents the space suit from ballooning. too much ^rid thus iiUpws 
.the astronaut greater freedom of movjfmefrt. The lower pressure 
5till provides adequate counterpressurc against the body. | ^ 

E^_^ 137"° '. • : ■ ';!•■' 
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Flgur* 72. Apollo moon tuU, Inlid* th« whitt covtrolls of th« moon luit (IntcgroUd 
Th«rmol MIcromcUorold 6orm«nt} wos th« baiic spoc* suit. Th« PortobI* Lif* 5uppor^ 
System (PLSS) cooltd ond dtontd tht oxygtn thot tht ostronouti br«ot)i«d. 
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LIVING IN SP\jrE ■ 

,The environmental control system, which regulates thq oxygen 
.supply, form^art of the larger, life-support plan. On the long 
space voyages envisioned for the future, all the life-support sup- 
plies — the food, and water, as well as the ^ygen — is to form part 
of a single system and is to be recycled or r^laimedior use again, 
just as is done in nature on the earth. Such a system, patterned 
after the earth.*s ecology, pr the relationship between living things 
and Xheir environment on the earth, is known as a clos,ed ecologi- 
cal system, or simply '^ closed system. The Other extreme is the 
open life<^upport system us^d in aircraft. In the open system all 
supplies needed for life support— oxygen, water, and... food — arc 
put on board for each flight and replenished for the nextj Every- 
thing is brought in from the outside; nothing is recycled. 

From the beginning of spaceflight both the Americans and the 
Soviets have used a systefh tljat is somewhere between the open 
and closed system^ or what is called a semiclosed life-support 
system. They hav^ recycled- 'some of their life-suppott supplies. 

Llfe^upport Supplies ' ' 

/ 

To understand why a seniiclosed life-support system is used in 
^spaceflight, /t js only necessa'ry to consider the large "daily require- 
ment that /each astronaut has for essential oxygen, water, and 
food. In a coigpletely open system, each astronaut would need 
a minimum of "about 28.7 pounds of life-support supplies each 
day^ and/ this would converted ii^to 28.7 pounds of waste, 
sonje of /which would ]iav^;\a be stored on board. The amount 
of Inpuyof each item of life support and the output of this' item 
is estimated as follows: 
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/6. per day 
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Water waste 
Water vapor 
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For three men on a 14-day flight, a total o£ "4,205.4 pounds of 
life support supplies would have to be stored on boar^ if nothiag 
were recjqled. Additional oxygen would be needed if the cabin 
were depressurized. Because the weight of life-support supplies 
must be kept to a minimum on a' spacecraft, measures arc being 
taken .to recycle more of these supplies. Oxygen is already par- 
tially recycled. Here only the water and supplies are con- 
sidered. ♦ 

Water. — The second largest weight requirement"for life-support 
supplies is that for water. The minimum requirement for drink- 
ing and hygiene is 4.7 pounds per man per day. Some progress 
has been made in the reuse of water supplies. WaterAapor from 
the atmosphere is" condensed and can be used in the cooling 
system, as noted earlier. On the Apollo spacecraft, this additional 
water had to be used only when the heat ^in the space cabin 
reached a high level. On the Apollo spacecraft water was plen- 
tiful by space standards. ^ ^ 

A supply of water was provided by the fqel cells. These cells, 
developed especially for use in space, caused some problems on the 
Gemini flights when they were being tested, but they haver worked 
well on the Apollo spacecraft. The cells combi^ie oxygen and hy- 
drogen to produce electricity and drinking wat^r as a byproduct. 
The three fuel cells used on the Apollo spaa^craft normally pro- 
duce a total of about a gallon of water every 5.5 hours. This water 
is stored in tanks and used for drinking and for preparing food. 
In addition to the recycled water, a supply of water is brought on 
J board in storage tanks. 

Water was plentiful on the Apollo flights because it was care- 
fully managed and ^was used sparingly. Only small amounts were 
allowed for washing and hygiene, and no clothes were washed on 
board. The Skylab/will allow more space for carrying water, and 
the allowances fol personal h]^gicne will be muih larger, but no 
laundry will be done on board. All fresh chang^ of clothing will 
be brought ^long, and the soiled clothing ,will oe placed in con- 
tainers a^d scored on board. " / ' 

FooD.i — The daily requirement for foo^ is t^e smallest the 
three liffe-suppbrt supplies. At present fopd is itot recycled, but a 
special icffortyhas been made to k9ep the, food served on the^ space- 
craft as lightweight, compact, and nutritious as possible. 

The weightless environment creates special problems in storing 
and consuming food. Ordina ry dry foods wwuld crumble when 
eaten in, ^pacc, and the crxnnb&sWould floit about the cabin. 
The liquids would escape from an ofJthwQ_ciig_/>«,,glas^ break 
up into ciroplets th:at would also float abouUFor this reason^l 
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foods and beverages for space diets are especially prepared* 
pa(jkaged. - " * • . ' " ' 

In addition, the calories allowed in/hc*diet take "tHe astrqpaut*^ 
scheduled activity into account. An astronaut who spends all his 
time in the cramped quarters o/^ the spacecraft is .forced ' to be 
relatively inactive, but the astronaut who perfprm* £VA b^tna- 
up much more energy and requires more food calories. Amer- 
ican space menus have provided 2,800 to 3,200 calories per man 
daily. * ' . 

For the space diet, foods are Selected that low in crude 
fiber and that are not likely to cause gas in the stomach and in- 
testines. The test pilots who' went to vexy high altitudes soon 
learned to watch their diet carefully before a flight, Avoiding foods 
that tend to form gas, The astronauts, have their .traditional steak 
breakfast on the morning of takeoff. ' j 

On the Apollo flights the diet was matie up of a wide variety 
of freeze<*dried foods. With the water removed from the food, an 
80-percent weight reduction was possible. Water guns loaded with 
fuel-cell water were used to repFace the water that had been 
removed; hot <va(er was used to prep^e hot foocC cold water for 
cold foods. To make housekeeping easier, the freeze-dried foods 
were packaged • in spbon-and-bowJ containers. Liquid^ were taken 
from closed squeeze containej^j. 'Cookies apd dry foods were pac)c- 
aiged in containers that were edible. Space foods were attractively 
prepared. 

. * Improved new methods have been, used for processing and 
packaging space foods, and greater variety has been provided in 
the menus. On th^ early flights, foods in {)aste form were squeezed 
I from a container. ' ; 

The paste foods wbre not too palatable an,d did not offer much 
Wariety. Both bite-sized foods and freeze-dried foods were tried on 
the eai;j[y Gemini flights. When the astroriauts showed a decided 
preference for the freeze-drled foods, these were adopted^ for the 
remaining Gemini' flights and for the Apollo flights. On the Appllo 
flights foods such as sandwiches and dried fruits were added. 
; On the Skylab, the sp^ce and Weight allowance for food for 
each astronaut has .been more than doubled over thai m the 
Apollo flights. Meals on the-Skyla'b ieem more like those served by 
the Commercial airlines^. Hot food \< served at the iabl{ an<i eaten 
f with knives^and forks (Fig. 73)- )l 

^ * Waste Mftrtagement * 

Fof flights planned in the immedjate future, no attempt.. will be 
m^de (o recycle human wastes to produce food. Rc^eirch on such 
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recycling continues, however, as described in Chapter 6, and ef- 
forts are being made to improve waste management. 

^Up to the present time the gpal in waste management has been 
simply to reduce the wastes stored on board a spacecraft to the 
smallest aipouhts and make theiji as harmless as possible. Liquid 
^ wastes can be dumped overboard and allowed to dissipate in 
^ space, b&t no solid, wasted are dui^iped, as these would continue 
to orbit and Would pollute the enviromncnl. 

After the mcdic^il samples 'were taken, feces from the space- 
craft's crew were collected in special plastic bags, in whic^ a packet 
of germicide, was dissylvedr The urine Wus collected in plastic 
l)ags fitted into the space suit or in the spacecraft's uriiial. After 
the urine samples Were set asid^,.the remaining urine w^ dumped 
overboard. la space the urine first freezes and then evaporate?. 
' Other solid \yastes that accumulated ; on the spacecraft 'were 
scaled in bags other container^. Leftover food \yas first treated 
* with a geonjcide to. kill baderia capmg decay and odors. .The 
. Ajjollo astronauts had to work qspeciaUy hard to keep the com- 
mand module clean.* The dust' from the 'njoon, which, clung tp 
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eve/ythrq^ it touched, had to be removed from the moon suits, 
the^ sample boxes, apd all items brought from the lunar module 
into the command module, 

^ On the.Skylab, modified toilet *f amities, , provided in the waste 
qomparlnDeat . (Fig. 74), are especially designed to allow for the 
regUlai- collection of urine and fecal sam'pfes. The samples will be 
analyzed in an effort to find out how the ibody -adjusts to ex- 
tended periods of weightlessness. All, remaining fecal material, 
trash, and other wastes are placed in a large tank below the first 
floor of the Skj^lab. Access to the tank is obtained through an 
airiock located in the middle of the floor. 
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Dty-Nigbt Cycle ^ ^ 

As the astronauts adjusted to the new routines of life in space, 
they could not anchor their living to the normal sunrise and sun- 
set, or the familiar 24-hour day*night cycle of the earth. In the 
lower earth orbits the complete day-night cycle lasted only 90 
to 100 minutes, as the astronauts made a complete revolution of 
the earth during this time. On the' moon the astronauts saw day- 
light continuously during their stay because their landings wefe , 
made during the two-week daytime perrod. \. 

Since the earliest spaceflights were brief, little a^ustment' had to 
be made to the changed day-night cycle. By the time- the Gemini 
flights began, the astronauts settled down to a routine for. living 
in space in preparation for the endurance flight, which '.was to 
l^t .twp weeks. At firsi tlie twa Gemini astronauts took' turns 
standing watch and sleeping, but the plan did not .work well. In 
the close confines of the spacecraft, sleep was disrupted by every 
• movement or sound against the background of the deep silence of 
, space. . , ' , , 

Following the astronauts' suggestions, space officials decided that 
it was best to keep, all members of .the flight crew on the same* 
schedule insofar as possible. Tjjis schedule matches the day-night 
cycle at the Lyndon B. Johnson Space Center (formerly. Manned 
Spacecraft Center) near Houston, Texas, which is the home of the 
* astronauts. * » • ' 

The astronauts' adjustmentio the day -night cycle vthen removed, 
from the earth continues tojfcinate biologists. Since ancient times 
. it has been known that livingthings on earth adjust their physiol- 
ogy to the 24-TTOur day-night cycle, the adjustments go fa^ be- 
yond the faVijliar ones of wakefulness and sleep. A mysterious bio- 
logical, clpcl^ seems to regulate basic changes in physiology, such as 
the pulse and respiration rate, oxygen consumption, and the se- 
. cretion of the glands. So far the astronauts' bodies seem to have 
retained the 24-hour day-night cycle oLjhe earth no matter where 
they have been in space. Apparently the astrOTiuats can get by with , 
*' less sleep in orbit, but this is probably explained by the relaxed 
condition of the body during weightlessness rather than b^ any 
, change in their normal 24-hour day-night cycle. 

Medical Monitoring 

Because there were many unknowns ^bout the way in which 
the human body would adjust to . spaceflight, each astronaut has 
been fitted with instrumentation for biomedical monitoring. The 
s§nsoi? for the systeip are attached to \he skin (Fig. 75). No 
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^nsor% are allowed to penetrate below the skrn. because of the 
• * danger of infection. Readings from the skin sensors are trafismitted 
*to puirtiaturizecl radio equipment contained in the biomedical instru- 
, mentation belt worn b> the astronauts. Biomedical data is then 
tel^eteredy or transmitted by radio, to the earth. BioAiedical in- 
strymcntatiop has allowed doctors on the earth Jo, makfetegular • 
direct, or real-titne readmgs- of the Sstronaiit's heart and res- . 
pii;^torx ratf. Using the same equipment,' ground control can 
receive Readings of blood pressure, bod> temperature, and electro- 
cardiograms (electrical recording of heartbeat). When. the astro- 
" nauts ar^ subjected to added mental or physical stresses, doctors 
closely monitor the biomedical instrumentation. 

The primary purpose of biomedical instrumentation i^ to assure 
the astronaut's safety and well being. If biomedical data telem- 
etered^ to the earth were to show that an astronaut's health is" 
endangered, the flight would be terminated. Biomedical data 
serves another purpose. The vast amount of such data already col- 
lected will enable scientists to reach a better understanding of. 
spaceflight. Medical monitoring of the Skylab astronauts will add 
to this knowledge. 

The astronauts have another means of keeping in , touch with 
their doctors during flight. A private communication line is kept 
open for medical consultation should this become neces$ary. 

In^ spite of all the precautions taken before flight time, the as- 
tronauts have developed colds and other minor illnesses during 
flight. Germs spread quickly within the closed confines of the 
spacecraft, as was shown during the early Apollo flights. Amer- 
ican medical authorities discourage use of , drups .during space-. . Y^ 
flight, as eveh tht commonly used drugs may have strange side 
effects in the alien environment of space. But when the astro- 
naut's*^ doctor advises medication, the astronaut takes the pre- 
scribed dosage from the medical kit. The contents of the kit ate 
varied according to the estimated n|;eds oC the flight. There wilf 
be a doctor in the first crew to visit the Skylab. 

Mental Stresses . 

When animals were rocketed into space, they had to 6niiure 
severe sti;esses, but they were unaware of the possible dangers. 
Each astronaut takes off on his flight with full knowledge of the - 
dangers that lie ahead. Colonel Stapp, in describing the stresses 
faced by the astrojiaut in his small spacecraft, points out how well 
Shakespeare's Hamlet speaks for him: "0 God! I could be 
^ bounded in a nutshell, and Qpunt n\yself king of infinite space, ' 
were it not that I have bad dreams/' Although the astronauts 
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have great confidence in. their spacecraft and in the ground crews 
that. support them, they are naturally subject to the bad dreams 

'and fears that anyone would be who faces the ^unknown. 

Before spaceflight began, scientists \yere doncemed that the as- 
tronauls,. inclosed* ia their space capsule and 'shut off from alf 
sense perceptions from the outsicje, would sfuffer from isolation. 
The first astronauts, who orbited in the Mercury, were alone in 

, the spacecraft. To get some idea of how astronauts might react 
^to isolation and coitfinement in space,, scientists made simulated 
cafiin tests on the earth. In these tests, subjects^ frequently suffered 
from mental stre;3S and experienced hallucinations. , , 

In spite of the many mental stresses 4o which the astronauts, 
have been subjected, they have been able to adjust to them. 
They have remained calm and in tx)ntr6l of the situation even 
under the threap of serious danger. A doctor assigned to ground 
control monitors the circuit to be able to judgQ. the mental 
condition of kn astronaut by the tone of his voice* v 

One cause for mental stress durin*^paceflight is the fact that 
an astronaut knows tliat he cannot esca^ from a disabled space- 
craft during flight. To reduce the hazards of spaceflight, scien- 
tists and engineers are trying to develop some means fdr space, 
reScu^. . - * " \ 

SPACE kESCl E, 

After the oxygen tank in the* service module j^xplodcd on the 
ApollOrlS flighty the astronauts were able to make a safe return 
to eartli 6y using the lunar module as a "lifeboat," but the aS- 
tcpnauts .could have been stranded in space. This realization o&u^d 
the United States and the Soviet Union to renew their efforts to 
devise meahs^for space rescue and prompted them to work to- 
gether toward rkk end. In order to cooperate in space rescue, 
both nations musPu^ the same or similar kinds of breathing at- 
^mosphere, and their isp^ecraft must be equipped with docking 
collars that fit together mld^work interchangeably. This need for 
cooperation has led to a freer^"t5xrfiangc of information on space 
biology and mbdicine. It has also re^tiU^ Jn a plan to have a joint 
docking of a Soyuz and an Apollo sp^6^caft with an intercon- 
necting airiock module. The linkup will nbt^be made until the 
Skylab visits are completed. 

The' American spacecraft have been equipped with escape de- 
vices to rescue the astronauts in case trouble should develop in 
the booster at launch time. The Gemini spacecraft was equipped 
with ejection seats similar to those used on jet aircraft. The Mer- 
cury and Apollo spacecraft had a launch escape to.wer attached to 
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the astronaut's module, of the reeotry module (Fig. 76).. Thp es- 
cape tow^r wa& powered -with a rocket engine that could be fir:e4 
automatically, to^ take. the r6entry moduk?-biit' on a 'trajectory 
over 'the Atlantic Ocean downrange from the launch pad. The 
module could be recovered by use of a parachute and then 
splashdown in the ocean. Rescue teams go through drills to 
prepare *them for recovering the astronauts from the ocean should 
this be necessary. The launch escape devices developed for the 
astronauts have provided engineering know-how for making im- 
provements in zero-leveU recovery devices for pilots of jet air- 
craft. . * ^ ^ 

For ajjtied protection, all astronauts are thoroughly trained in 
emergency procedures, and the. spacecraft is equipped with re- 
dundant systems, or extra systems, for use in case one system mal- 
functions. On the Gemini-8 flight, when the spacecraft threatened 
to go out of comrol, an emergency reentry and splashdown' was 
made with ease, using procedures that had been partially worked 
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out in advance. On the first moon landing, Astronaut Neil Arm- 
strong was able to override the automatic systems of the lunar 
module and delay until he could find a smoother place for land- 
ing- 

On the first three series o£ US spaceflights, the emergency pro- 
cedures worked well when needed, and all spacecraft parachuted 
dov(n safely for splashdown and recovery in the ocean. The tragic 
fire that took ^hree astronauts' lives occurred on the launch pad 
during a preflight test, not during an actual launch. 

On the Skylab, procedures for rescuing astronauts from space 
are to be in effect for the first time. After the modified Apollo 
spacecraft (combined command and service modules) is launched 
for each visit, an identical Apollo spacecraft is to be placed in 
readiness for launch. Should the astronaisls 'become strailded in 
the Skylab during their stay there, the reserve Apollo spacecraft 
can be equipped with tWo extra seats by making use of a special 
kit. Two astronauts^ would go on the rescue mission to the Skylab, 
an^ the spacecraft would return for splashdown with five astro- 
^ ^iiauts (Fig.. 77). If. the te^rye spacecraft is hot needed for re^ue, 
it' is to be used for 'tK^ next scheduled visit. For the third and lasj 
visit, ah additional Apollo spacecraft will be placed in readiness 
for launch, just as for the other visits, even though the spacecraft 
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Figurt 77, Apollo command modult modifitd for roicu* misiion. Th« modult^ could 
bring bock fiv« aitronouli. 
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has no flight sche(?uled for it ^t that tune. The plan will provide 
for respue from the Skylab only, but it should take care of emer- 
gencies most likely to develop. 

Before considering what we might expect to learn about space- 
flight from the Skylab visits, it would be well to review the find- 
ings about man in space made on the first three series of spacd- 
. flights. This is done in the following chapter. 



TERMS TO 
I 

radiation environment 
ionizing radiation 
particle radiation 
solar-flare particles 
^charged particles trapped in thb 

V^n Allen radiation belts 
galactic cosmic rays 
shielding against sp^ce radiation 
rad. ' ... 
' metedroids ' ' 
micrpmeteoroids 
meteorite bumper 
weightlessness 
weightless trajectory 
artificial gravity 
transverse G-forces 
heat shield * - 

manrate (a missile) 
shirt-sleeve environment 
.environmental control system 
lithium-hydroxide canis^rs . 
radiator tin a spacecraft^ ' 
radiation (of heat) - > 
oxygen poisoning 
m^i^cd-gas atmosphere 
sp^ce suit 



REMEMBER ' 
EVA suit 

space undergarment * ^ - 
moon suit 

Portable. Life Support System 

(PLSS) 
umbilical 

open life-support system 

siemiclosed lif<^support syste^m 

•life-support Wpplfes 

fuel cells 

space diets 

freeze-dried fpods 

paste foods 

bite-sized foods 

waste management .s ^ 

day-night cycle 

bibmedical monitoring 

biomedical sensors 

biomedical instrumentation belt 

telemetered medicsj data 

mental stresses * ^ 

space rescue 
• l^uliCh^cape tower > 
' Redundant systems c 

emergency procfedures 



♦ question! 

1. AnwJw altitude might space be said to begin for man? ^hat are some 
of M characteristics of the space-equivalent *2one? Whit causes the 
litter >^lence and darkness of space? - * \ ^' 

2. What are th^ three new'.stresses /encountered . In spaci^ight? 
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3. Wh«t* are the principal sources of harmful radiation in space? What is 
believed to be the most dangerous source of radianon? 

4* How dots .the body appear to ^e affected by Weightlessness? What ques- 

* tions atfout weightlessness are still unanswere 

' ■ ' ' ' - / 

5. How does the astronauts reclining portion enable him to resist G -forces 

at launch and reentry? 

* 6. What causes heating of the reentry module? .^How is the heat counteracted 
or controlled? - \ \ 

7. What is the principal source of noise in spaceflight?^ How are astfsnauts 
protected agahxst this noise? ' 

" 8, What is meant by manrajlng a missUe? 

/ * // • 

9J; What Is meant by the shirt-sleeve 'environment? 

la What is an environmental control system and how does tt function in a 
\ spacetraft? ^ 

ijl. What were some of the new features of the moon suit? How was it pooled? 

12« How is \^ter supplied t j the Apollo spacecraft?^'! 

13. What kiilds of foods have bien Ised for US spa^Jkights? Why hate space 
foods been ipeciaUy prepared? , What kind of food service will /be used 
on the, Skylab? W > , . 

iCHow doctirs on earth ilicyitor the ^onauts during ^theh: flighlst 

IS. Wliat n\easurei have been taken to asiiiire the astro^uts* ^ety during 
flight? Can an ^astronaut from a spacecraft? 

Ti^TNGS TO DO 

1. Make a studi of Wee radiation. Name the three sourccs\of space radia- 
tion that prcicnt the greatest potential danger to man inispacc. Explain 
what a splarlflarc yis. If information is available,' dcscri« the findings* 
made from thi experiments carried on Ap(!»ll6 16 4nd 17 thai exposed mice 
and 9thcr hviVjg matter to the .light flashes obsirvcd by the astronauts. 
Secure the publication of the US Atomic Encr^ Commission listed in 
the "^ggcstions fbr Vurther Rdading*" lifted* bcld^w fc^ yo^f study 

2. Make a study of wcifiWlcssness. Describe your o 
' most closely resemble^ weightlessness, Summari; 

observations made on the Mercury, Gemini, and Apl 
j|i weightlessness. How has MndcrwaCcf^ practice hcU5ed 
space work itoVc efficiently? What cxpecimeoti co 
^ arc planned for *thc Skylib visits? ^ " ^ 

Compare the (Sjtfccts of tWc G-forcci exerted on a Icatcd pilot ^nd of a 
reclining astronaut. Use simple diagrams or modelsfto explain the acwon 
of the blood as 'it is pumped from the heart to thp brain and* the dyci 
Show the approximate loc^ijon of the heart and of thi column [of blood 
tftat goes fror* the heart tm the brain .and eyes, also Jibe main branches 
of red blood, or oxygcnafcJi blood, floviing to the legs. Compare the 
vertical distance bctw'ccn tl|c\hcaft fifnd the brain in l^th cases. In which 
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case does the blood hffvc to be pumped a greater distance? Under /he 
effect of 10 G what happens to the pilot and to the astronaut? / 

4 Make a study of the environmental control system of the Apoljo space- 
craft. Concentrate on the' oxygen supply. Uow was oxygen purified? 
If you have studied chemistry, do some research and explain how the 
lithium hydroxide canister is able to trap the- carbon dioxide. Alt what'^ 
times during the Apollo flights was the space suit worn? (For suggestions' 
on setting up an experiment on.removing carboi\ dioxide from a spacecraft, 
see Activities in Science Related to Space^ page 2h publi^ii.by NASA 
and listed in the references below.) 

5 Make a study of the Apo lo moon suit. Use a simple diagram or model 



td demonslrate the operat 



on of the suit. Show the'w^iite coveralls (the 



integrated Thermal MicroJ^ieteoroid Garment— ITMG). What was wofn 



under jlhe coveralls? How 
' with fresh oxygen? 



was the moon suit cooled? How was it supplied 



6. 1 If you ^re interested in f^s and nutrition, make a study of the kinds 
' lof foods used on US spaieflights to date. Which kind of food has been 
Uised most o/ten anj has {jroved most palatable? What kinds of new foods 
Were introduced on the i^pollp flights? ^Make up a set of sample menus 
Ipr the astronauts for two or three days during an Apollo flight. Why 
>^as potassium added to the astronauts' diet on Apollo 16 and 17? How 
did if affect the astronauts? Find o^it what you can about the food service 
on the Skylab. 

4 ' ^ 

7, Make a Study of waste managem^uit on the Apollo flights and on the 
• \ Sky lab. How is research on vvuAte management in space related to pollu- 
tion problems on the earth? NASA is doing research that should help imall 
communities improve, their handling of sewage and thus help to prevent 
pollution of rivci^ and streams. 

^akc'a study of medicaf monitoring. Describe one or two of the medical 
ors used for telemetering biomedical information. Explain how the 
system collected biomedical data and relayed it to the earth. Use a 
simple block diagram to explain the system. (Concentrate .on the bio- 
medical information obtained rather than the enginccTing of tlic system.) 
How was the biomedical inslrumcntatjon bell used? Why were all the 
medical sensors kept on. the skin and not implanted? 

9^ Describe the plans made for rescue fronv th* Skylab. How " can five 
astronauts be accommodated in the ApoUo command module? What 

^ progress has been made in joint American-Soviet effort?^ to develop a 
means of rescuing' astronauts and cosmonauts front space? 
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THIS CHAI^ ottHlMs tht Wointdkat fliidrfigi mod# m iU i\n\ ihr- ttht 
^ Anwlom manned $poc«fI}tM^ (Mercury, Om^nUmnd Bghi), mnd 

It «pl0W iU SkykA vUHt thouW #Ao1>l« yt t« {tarn mor* <ibM 
<ibmty 1» Kvt cmd work Sr» ip«c». Afftr you HoVt tfydiod tW» chop(tf, yo^r 
thovM btf qUo io go th« foHow^: 0) cktcribo tho most !m]Mrfant i>{omod{cot 
f&fdliHi mcKlo Ml iho AUrcwry ni^hU; (2) oxprolp tw6 woy« In ythUk Iht 
a#mrnl-7 oitron^H' woro bpt In food con<);t;on. iK/rb^ tUr 

fl%ht; (3) tttt Kosr ihi Aj^to ot}fon«vr* Wtrt prfHI^ dTurfng £VA» on tho 
moon; ond noting )ho mofl Trpportont 4»roi* o{ t'pcKoflldM b* 4»vdM In 
tho Skylob, ond.doscrmo ibroo of lb* blomtdicol oxptKmontt bo conducftd, . 



I N SLIGHTLY more \than a decade of manned spaceflight, 
American astronauts have\made a total of 27 spaccflighfc during 
the Mercury, <}emini, and Apollo programs. During jhcse flights 
they have progressed fi:om earth orbital flights to moon orbital 
flights and landings on the moon» Now that the first three series 
of spaceflights have been completed, Ameri.ca'n astronauts have* 
turned their attention to earth orbital flights again. With the launch 
of the Skylab into earth orbit, the United States has. a tempofary 
space statipn [n which astronauts cin extfend the time spent in 
space.. While in the' Skylab, the aktronauts will conduct -bio- 
medical experiments designed tp givd us some answers to ques- 
tions raised on. ihb first three series of flights. 

». * * 

FIRST THREE SERIES OF FUGHTS 

Since astronauts are subjected \Xo .much greater flight stres$es 
than aircraft pilots are, the selection 'standards for astronauts are 
even higfier than those for pilots. All astronauts have to be jet 
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pilots, and they have to meet evenr more rigid physical re- 
quirements than aircraft 'test pilots. In considering how well the 
astronauts have met the requirements of spaceflight, one must re- 
member that they are men who have .exceptional, mental and 
physical qualifications. " *'f" 

In the course, of the spaceflights, maay astronauts have made 
mojrc than one spaceflight, and some hav^ ipade as many as three 
or four such flights. As a result, US ^ci^tists have accumulated a 
body of data about iftdiTiduaj astronauts and a variety of data 
about man's physical and mental responses to spaceflight. 

From an pperational stanffijoiixt, the climax .of US. manned, 
spaceflight came during the ^'Apollo flights when the. astronauts 
first landed on the mOon, , From a biomS^ical standpoint, the 
cliipax of the flights came during the Gemini flights when the 
American astronauts spent thek record 14 days in space. A period, 
of 14 days would allqw a njargin of s^ety for the trip to the ntioon 
and stay-time on. the moon £or exploration. . As the astronauts 
progressed from the Mercury flights through the Gemini, flights 
and to the Apollo flights, they wdre g^^dually meeting the human 
reguirements for a trip to' the tnWon and for a longer stay-time 
fild extended EVA on the moon. 

I , Mer^ry Flights . - 

\ * , V . = ■ ; •• 1 

VThe Mejcury flights showed that man could survive! the high 
G-U)rces and other , rigors of launch and reentry and! that he 
couU eat,* drink, and sleep during the weightless condition. The 
first Vears ^bout mail's reactions to spaceflight were laid, to rest, 
and u was shown th^t man has^a plaQc as a pilot in spaceflight. 
On iht first orbital flight when three .systems in the spacecraft 
malfunctioned. Astronaut" John Glefin took over manual control, 
and permission was given to continue the flight for three orbits 
lasting ae^ut four hours. Time in flight' was gradually increased - 
until, on \he last Mercury flight. Astronaut Gordon Cooper re- 
mained in orbit for a day and a half. ' 

On his rf^ht Astronaut yooper made remarkable observations 
of the earth urom orbit. He\ reported that he could see whif'fs of 
smoke coming: from' chimneys in Tibet, tr^ce roads, and obserye 
the wake of steamers on the Nile River. Cooper's medica\ record 
shows that heyiad extremely high .visual acuity, but later other 
astronauts" aliio Viade acute observations of the eartb, antf'photp- 
raphs taken ^in\ space confirmed their reports. Away' from the 
bscuring effects \of the earth's atmospheVe, a man in low earth 
orbit can easily spot mountain ridges, great rivers, forest stands, 
and ocean shorelines Wth the naked eye. \ ' ... , 
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The Mercury' astronauts had ' little lime ffir making . observa- 
tions during most of their flight. They li.ad many tasks assigned 
to thein, and other tasks developed^ in eiriergencl^s. Since there 
was 6nly dne astronaut on each flight., he Ih^d to excrf himself ; 
and was, often too absorbed in his duties to 'eat and drink regu- 
larly Sometimes the' environmental control system did tiot channel 
off the heat rapidly enougli as it built up. Corfsequently, the,.j;yler-.. 
cury astronauts retumeS from their flights' tired and dehydrated. 
All astronauts lost weight on their flights. At tirsi this wd$ be- 
lieved to be causedl by loss of body fluids, but the loss in Weight 
continued through the Gemini flights and .even on .Uje Apollo 
flights when there, was an abundance of drinking water, 'indicating 
that it is probably a reaction to the stresses of spaceflight, 

During the last two Mercury flights, which wcre^ longer, the 
astronauts began to show the effects of continued confinement 
.(Fig. 78) and exposure to the wpightle^s condition in orbit. 
The circulatory system appeared to be affected most, but there 
was also a general deconditiofiing of [he musdes. While in the 
weightless condjtion, the astronaut's circulatory system was. not 
subjected to^ the normal gravity force. When the astronaut re- 
turned to the ear4h and the normal gravity, condition, . his heart 





FiflUf 78 M.fcury aitroifaut conflntd Irt ipoctcraft. Th» flrit «ul>.orbital flight of 
A«fronauf Sh.pord (abov.) loittd only 15 minutti. On th. f«t Mercury flight Atfronaxit 
Cooptf wot .n th« cramped quart«rt of ih» ipactcrqft during o flight lotting a ofay 

and Q holf. 
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and circulatory I system seemed to be affected. Astronaut Cooper 
staggered noticeably when ne tried to walk after being Recovered. 
AH Mercury astronauts were normal agdin within about ^4ifhours 
after rccovicry- however, and their flight surgeon 'could give the 
'^o-ahcad signal for longer flights. j 

On the Gemjni flights, time in orbit was increased from about 
4 days on Gemini 4 until finally, on Gemini 7, Astronauts Frank 
Borman and James Lo>/ll made the^l4>day American endurance 
record. The most extensive biomedic^ experiments were made on 

^ the Gemini 7, *• M 

One of At experiments that, fli^t^^ surgeons conducted aboard 
the Gemim 7 was ^designed to fi^ j^out whether the astronauts 
gradyliy lost, small amounts of calpium from their bones during 
wc;jgntles$ness^ Such, a loss of calcium js known to occur in sict^ 
persons who are confined to their beds for a period hi time. The 
conditio^ is accompanied by general weakness and a loss of mus- 
cular tone. To study calcium loss during weightlessness, the astro- 
nauts*^ heel bone^ and one bone in the right little finger were used. 
These bones' wcje X-rayed before and after the flights. After a 
careful study of t^e medical data, flight surgeons conclude^d that 
tt^e astro^a\its did lose small amounts of calcium frofnTtheit bones 
during .Weightlessness. ^ j \ ^ 

[To keep their bodies in condition while in pfbii^ Astronauts 

♦ Borman and Lovell exercised three times <iiily by pulling on 
rubber cords. This exerxnse was adequate lo' stimulate the flow of 
blooii and make the circulatory system work in spite of weight- 
lessness. \C^ith exercise^ the tnuscles were also kept in tone. Later 
the astronauts readjusted more readily to normal earth gravity. 

When' .Astrbnauts. :§onn^n and Lovell were recovered after 
tfiieir 14-day. fli^t (Fig^79), they seemed to be in even better 

'/condition than^the astronauts were after the 8 -day flight on the Ge- 
mini 5. It was evident that the measures the Gemini*7 astronauts had 

^ taken to kpep theft, bodies in condition during weightlessness* 

"Jj'ad'becn successful. The excellent physical condition of the as- 
troWftuts oa thi record flight was also believed to b? due to the 

*gfeaterjComfort*tb^ enjoyed when they removed their space suits 

^ and relied ji the'sjbirt-sleeve environment. 

Even witfnihc execcise program followed on the. Gemini flights, 
there was some indication that the astronauts' heart and circulatory 
s;^5tcnji vi^rc affeted by weightlessness. None of the Gemini 
astronauts experienced dizziness* ot staggered upon leaving the 
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capsule, howeyfer, even though they had spent a longer * time , in 
proit than the /Mercury astronauts. 

^ The Gemini astronauts c<iuld adjust betterlto the weightless con- 
dkion and to spaceflight in general becauseUhey had the experi- 
ences, of the Mercury/ flights to build upon, and they had more 
time in which lo set/ up a regular routine ^for living in space. 
When the •astronauts I were able to get regufer periods of sleep, 
enjoy regular meak, and take plenty of drinking water, they did 
not become fatigued and dehydrated during Hight, Also, the > en- 
vironmental control, system worked more efficidbtly on the Gemini 
than on the MercUry^ flights. As a result, ih\ astronauts' space 
suits did not overheat as long as they ' werellfnside the Gebiini 
spacecraft. Then, too> since two astronauts >yere on board,! the 
Gemini astrx)pauts could take turns at pilotirijgl and share olher 



/ Figur. 79, 9»mlni oi!fonou!i gftor /teovtry following U day fligh!. Astronauti frank 
BOrman (righO and ianyi lovtll ar« shown as th»y walk«d on th« dtck of tho 
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ta^ics. Consequent!} the workload more realistic, and emer- 
gcnqies could be handled better. On; tire Gemini flights the as- 
tronauts seemed to be well on tMr way toward adjusting \ to 
living j in space. ^ ' ^ . / i 

As . was tol be 'expected, the astronauts' heartbeat increased 
du^n^ times'^ of stress and ex^rtibn, such as at takeoff and re- 
entry lland during EVA. What was not expected was that tne 
heartbiat of normal, well persons would reach the high levetts 
that tjle^ astronauts' did at times during the flights. Astronauts 
Eugene Cernan and Richard Gordon^ during extended EVA, ex- 
.erted themselves so much that their EVA suits overheated and 
water vapor accumulated in their helmets. *^More realistic goals 
were set for the space work on the last Gemini flight, Gemini 12. 
, The great amount of energy required to perform space work 
arises partly from the need to establish a firm position to give the 
astronaut leverage. When he pushes on at lever or turns a screw 
in orbit, he creates a reaction force. According to Newton's third 
law of motion, for eVery action there is an equal and opposite 
reaction. In orbit there is no gravity force to offset the reaction 
,force and hold the astronaut in position. Astronaut Michael Col- 
lins, who performed EVA on the Gemini-10 flight, said: "A con- 
siderable p^rt of my attention was devoted to holding my body 
in the proper position to do the best work, I found I usually 
overshot or swayed back and forth. I was never absolutely mo- 
tionless. I was continually moving whether I wapted to or not." 

Astronaut -Edwin Aldrin, wearing a much improved EVA suit 
on the Gemini-12 flight, was able to complete his space tasks 
successfully (Fig. 80). Aldrin also had more handholds, and they 
were better placed. Further, he had g*led skill by simulating 
space work while training underwater. ^11 his ef^orts pointed to 
the need for special training for -space^ work, , for special tools, 
and for experiments to study ,the processes that take place in 
the body as space work is performed. 

The Gemini flights showed that' the goals for EVA pn the 
Apollo flights could be niet, and' the changes that occurred in tlie 
body during the Gemini flights were not lafge ^enough to cause 
concern for the astronauts' safety. 

ApoUa Fllghte 

During the Apollo flights (he astronauts continued to show 
physiological changes even though they cpuld move about njore 
freely in the command module, but the, crews in general adapted 
better to the weightless condition. In fact,- the Apollo astronaifts 
seemed to have learned how to use weightlessness to their ad- 
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, >)antage. The schedules for work and sleep were improved sime- 
what, but losses in body weight continued. ^ \ 

yOn the Apollo flights man for the first time loft the protedtive 
cover of the earth's magrietosphcre and was .exposed to the rafia- 
tiohs from/ space. The astronauts who Jindeli on the mion 
repbrted {hiitUhcy saw light flashes, whichUre [believed to hive 
bee^ caused By ^cosmic rays. The astronauts I cc uld see the li^ht 
flashes even "\vhen they experimented with^ pitting masks, or 



blinlds, over tfleir eyes. The ; high-energy cosmic! rays seemed to 
have pertetratcd the wall of the spacecraft and the eyes of the 
astronauts and registered as light flashes on the retina of the eye. 
Apparently no harm was done by the radiation because it was not 
abun3a[nL * ^ 

. Some exlxmmenters on the earth report that they can sen\c 
the presence dUonizing radiation by an itching of the skin, but 
there is no reliabk way to detect harmful radiation througli the 
senses. To take a^antage of the unique opportunity for ob- 
serving what are believed to be cosmic rays while outside the 
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earth's ma^nSplibsphere, the ^^aslronauls on #ie Apollo li 
took with Ihcn^ saniplcs pf living matter expose to the radia- 
tion. The . astronauts on uhe.^Skylab do Kot expect to see the 
light flashes because the vSkylab will remlin in earth orbit. So- 
viet cosmonauts have noli reported seeing similar light flashes, 
but they have not as yet gAne beyond earthi\prbit. / 

Fortunately for the Apollo astronauts, fpie of them was ex- 
posed to intense dosages ^of solar-flare particles. Althoi^h the 
Jlights were made close to a period of peak sunspot Activity, 
no flights wejre made at dangerous times. . Doctor Berry /reported 
that the astronauts on Apollo IS were exposed to a miiior solar 
flare, but they received a radiation dosag? of only about 0.5 
rad, a harmless"! amount. NontToTTh^ssastronauts received 'signifi- 
cant amounts of radiation in passing thro&gb- the Van Allen radia- 
tion beUs. 1 • . / ' ' 

The astronauts were also spared any impacts by meteoroids 
while they were on the moon. The seismographs that tl^e as- 
tronauts left on the moon have recorded some meteoroid im- 
pacts since the first landing. 

During the Apollo flights the astronauts gradually extended total 
stay-time and the time spent in EVA on the moon. From the ' 
single EVA lasting about 2.5 hours, made by Astronauts Neil 
Armstrong and Edwin/ Aldrin on the first moon landing, the astro- 
nauts progressed to three EVAs totaling 22 hours 5 minutes on 
the Apollo 17, the final flight. During the final three EVAs on 
the nioon. Astronauts Eugene Cernan and. Harrison Schmitt* came 
close to the l\m\\^ of the life-support jupplies provided by the 
mwn suit and backpack^^ 

On the ApollO;17 flight the lunar rover worked .well, and the 
astronauts followed carefully scheduled periods of work and rcbt. 
In addition, some, potassium was added to their diet; juSt as on 
the Apollo- ^6 flight, in order to keep the body fluids in better 
balance. 

During EVA on the ntbon (Fig. 81), astronauts expended large 
amounts of energy^ just as they did during EVA in space. AN 
though they had gravity to help, them ort the moon, they per- 
formed heavier work. For this reason the astronauts ^ere care- 
fully monitore^. on the moon to make sure that their* (expenditure 
of energy dfd not' exceed safe limits. Energy expendea was mea- 
sured either by recording heartbeats or by taking into, account the 
amount of heat generated' within the moon suit. Although Astro- 
nauts Cernan an^ Schmitt, on the final flight, made the most 
extensive exploration and gathered the largest supply of rock 
samples, they did not overexert themselves and were in excellent 
physical condition when recovered. 
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FJgurt 81. Astronaut Jamts Irwin during EVA on moon. Irwin ts colkcting.rock samptts. 

As the astronauts moVed about on the moon, they leafncd 
to adjust to the reduced gravity force, which is^ about one-sixth 
that of earth gravity. In 'making the kind* of leaps or long strides 
allowed by the reduced gravity, ^the astronauts were at first 
prone to lose their footing on the slippery surfaces. This caused 
some concern because a fall could have resulted in rupturing 
the moon suit and bringing about fatal decompression. In time the 
astronauts learned to right their movemenfs, regain tjieir balance, 
and prevent falls. 

Although the possibility was remote that the astronauts might 
become infected with an alien organism on the moon> there was 
some fear that this might happen and that the astronauts would 
bring the organism back and infect the" earth. For this reason the 
astronauts were; carefully quarantined after the 'first three moon* 
landings. The most rigid restrictions were observed. The swimmer 
>yho entered the command modufe upon recovery wore an isola- 
tion garment to protect him against infection, and *he handed 
similar garments to the astronauts for them^td put on. When the 
astrohauts came aboard ship in their isolation garments, they went 
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into a box called a mobile quarantiiie facility (Fig. 82). This was 
airlifted to the JLunar Receiving Laboratory near Houston, Texas. 
Here the assonants remained for 14 days of quarantine, along 
yhxh any peist)i» accidentally exposed. Only after their quarantine 
perio(l was over coul^ the astronauts^ receive the welcome" that 
awaited them. After careful testing revealed no signs of even the 
smallest living organism, quarantine was no longef enforced. 

Besides providing a body of unique biomedical dat^, the US 
spaceflights have had a much wider influence on the study of 
physiology and medichfe. 



. Results of the Findings. 

^ As a result of the 27 American spaceflights, it "is evident that 
man can successfully adjust to flights in spacer for periods of at 
, least two weeks. Many questions still remain unanswered, how- 
ever, about the two' stresses of radiation and weightlessness. Since 
radiation is not likely to become a problem until man a^ain ven- 
tures beyoijid the earth's magnetosphere and attempts longer trips, 
into §pace, attention in the immediate future will be focused on 
finding out more about the effects of weightlessness. 




Figurt "62. Astronaut! in mobil* quarantinr facility. Pr«sld«nt Nixon gr««t«d th« 
quarantintd astronauts through a clos«d window. Th« astronauts who mad* th« 
first moon landing ar« 0«ft to nght). N^il A. AVmstrong, Micha*! Collins, and Edwin 
E. Aldrin. Astronauts w*r« quarantined aft«r th« first thrt* moon landings. 
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Certain changes have taken placp in the body during, orbital 
flight th^t are believed to be cau$ed by weightlessness, or zero 
gravity. These changes wete lately in the circulatory system, 
the museles, and the bones. T|te changes were not large enough 
to cause alarm, and even on tjie longer flights the body readjusted 
to^earth gravity within about "50 hours after recovery. ^ 
' Man's ability to adjust successfully to flight at the higher alti- 
tudes in the earth's athiospliefe^has led to a revolution in trans- 
portation. Aviation grew by leaps and bounds until jt became 
one ^of the most common means of transportation. It is unlikely, 
that there will be a sioiilar movement to ^ace transportation in 
the immediate fujture, but man's efforts to cope with the stresses^ 
of spaceflight have led to significant developments in areas other 
than transportation. * « 

The stimulus given to aerospace medicine by spj\cenight has 
led to a revolution in th^ study of human biology and medicine. 
Never >efore in the history of medicj^e l^ave such detailed 
^studies been made of well -persohs. By studying \he body as it 
i^ exposed to the weightless environment, new insight has been 
obtained irito man's ph^siolog). Further^^the sensers and instru- 
ments developed to monitor the* astronautsi during spaceflight 
have o{)ened the my to all kinds of new medical sensorL to 
new methods of treatment, to entire hospitals built around Auto- 
matic monitoring of patients, and to the development of artificial 
organs and implants of|them in the human Jbody. 

As the Apollo flights progressed, American asttopauts began 
to visit Soviet training facilities, and Soviet cosmonauts were in- 
vited to come to American facilities. These visits, together with 
the need, to develop/ joint methods for space rescue,* have . led* 
to a much freer exchange of biomedical data between the two 
countries. Such an exchange has greatly increased the knowledge 
that both nations have about spaceflight. 

In generaj, Soviet scientists ^ave used the same methods^ f6r 
hoping their cosmonauts adjust to thi^ figors of spaceflight as 
,have our scientists, but ther« have been' important differences 
between Soviet and American , spaceflights, both in methods and 
in biomedical findings. One of ^ the "rhost important differences is- 
that the Soviets have not used j^re oxygen pressurized at lov^er. 
than atmospheric pressure for 'their spacecraft. Instead they have 
i^sed a^ mixed gas resembling the earth's atmosphere, which i? 
pressurized at about 14.7 psi. Then, too, Soviet cosmonauts have 
experienced some nausea and disorientation during weightlessness, 
and the cosmonauts have required longer periods before returning, 
to normal after their lOngef flights. 
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The big. questio i that now faces scientists is^ What will happen 
to man during loi ger periods of spaceflight? The American Sky- 
lab should ptovi( t a means for getting some answers {o this 
tjuestion. \ 



As the 




THE SKYLAB^^ 



Apollo flights were completecl .the Sk>lab was put Into 



rj^diness for lauflch. The Skylab, developed 
s:age of the S?(turn V booster, is the li 
liuACjied. ll is, four times larger ||than, tlj 

Irtisjl^ylab /was launched into a' nearly :ircular orbij/df^ 
NIay.'19;W at a( distance of more than! 270 milss from the cfajth anj 



lamicieQ. li is, 

r. 



from the empty thlfd 
gest space si 
first Soviet Saly 



ii^i^linaiio% of 50 degrees to the e( uator. The orbit ns 
igh from the earth to maint^n stabil ty and close enough 
Srtji to be clear of harmful , radiation from the Van Allen 
'he^.ilaunched, the Skylab^ contained all the food, water, 
gejl/needecL to support the entire mission. 
m(^.Skylab was in orbit, the two large solar panels for 
pmtflectrical power '^or the workshop failed to^ deploy, and 
undrthat the.me^eorotd and heat shield had been torn off at 
laun ij ) As result, th^ Skyiab heated. Temperatures inside the 
kraft ayeraged 120 degrees F. and even reached 190 degrees. 
Because of the high temperatures and loss of power, launch of the 
first crcjv was delayed until 25 May. Time g^ned by, the delay was 
used to.([e^i;n a substitute shield and test prOcei^ures for deploying 
it. Plank were m^de to have the astronauts maneuver around the 
damage^!, yprkihop to inspectlt, and then perform EVA to deploy * 
tht new shielc^J Because ofTKeThne> required fo| making repairs 4nd 
the loss of poller, the astronauts could Rerfor;n fewer experiments, 
but they would have an opportunity to demonstrate how well men 
could worlv in spkie. IJie Skylp missions would present a real test 
of both men and systems.^ - * ' 



Living Quarters and Labon^tory 



The main unit of the Skylabr^He combined living .quarters and 
laboratory (the workshop)^.^ tontains abc)ut as much space as a 
three-bedroom house. With the large ai\ount of room dllowcd, 



^Aftct** this book went to press, the $kyta\> I tstrona^ akdc their visit and^ complete 
2t*<Iiy period in the workshop Dunnft their stay the astroiaufc dcplojrcd an .umbrciU 
shield to protect the workshop t from th^ surv and the temper^ufles in the work&hop ditl 
The iLStronauis were also able deploy yObc .of the larre solai ^ncts. im-rcasinit the an, 
of electrical ^wcr for the workshop, th^ other lartc solar p^A had been shcltfcd off! 
successfully mi^tnt tt^hn* the Skytab t astronauts left the wot^hop tn \ satisCictory c< 
(ion for future visits 
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Ac three astronauts in ea|i[crew can live more nearly as they 
do under ^rth conditions/^ Rje Skylab contains a dining room 
(wardroom), in^dividuol? slecjiLcSifnpartnients, and toilet facilities 
(waste compartiient), as >showin}^fjBurc 83. i ^ 

Moving abo4 in the Sk^^Jab^is mSch easier Uhan moving about 
dunng EVA m space. Many handrails are provided in the jSkylab ' 
to control the, motion. Alsc] the -astronauts ^ can walk L the 
floor or ceUing by making i ;e of fepeci^l cleats on tkiif' shoes 
mat fit into the open mashes 4 the fl|)or and ceiling. 

The astronauts have restrai !§, or "hold-downs," to keep^ 
m position while eating in ^* ' ' ' " 
compartment or sleemng, T 
held in placj by fodt and 
are secured with m^gne^ 
sleeping restraints ^sembl 



. them 
wardnom or while using the waste 
^^tronai its ^tand at the table a^d^are 
res|}aints (Fig. i 84). ThQir trays 
usc'^knive^s and forks. •The 
bags placed on the wall] and 





Igor. 83 Moekup of o portion fef tht Skylob orbltol' workthop. Th. 
^mbinti living quorttrt ond o loborolory. Shown obovt ort tht ertw't 
J^n Ofo provid.t occommodotioni for i/l.plijg, pr.poring ond .oting food, 
v^' woitt monogtm^nt, end ptrf^rAlng ,omt mtdlcol txptrlmtntt. 
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figure 84. Tobit in , njockuj*. tof Skylob. Th# tobb^innpde up^f thk tfirt* ttoy* uitd,. 
for stryihg fbpd to tlit ostr«ncyiv^ot«^he j-tstromJi. Ior,ho}cl{^9,)ht oi<roftovt» 'tn 
' • position whUt Ih^y Wof, • V 

. the astronauts sleep .ia a vertical posilion. Usuallj the asironauts 
wash with moUtenqd leJry cloth washcloths^ hut a shovi^a. 5s 
Vailable fo.r^usc once .a ,\/c^k. The astronauts, assigncil to Jpd Sk^- ^ 
lab are asked to c%faiuare.its habitabilfty-. Their observations wift. 
^uide engineers in^ dcs^njhg future sp^or vehicles and cqiiipmcW ... 
fotlivioejfl. 'space; \ : '" V :/,/^' v ; * V 

' /The fircgi|ling aiiiiQspbere Jtt-the ^Sl^la^^ 'IpngeT- pitrc.^ . 
QX>|cn 5ut o)y>genL dUyt^ with iutr6gwV(abou| 30* percent nitror^ ' / 
't(> 70^ ^r<:en^t oxygcn)?,^^^ * " • 

i$ llic same as "that of jb?. atmpsphci^ ,usc,d^ V.tJi*^" AP5?'?9^ ^^cccjrdtt . - 
for the niooh flights/^ or' a^ut .S'^siJ^U^ the ijlpo]^ 
ct^h, thc/Sk>{ab,bas,a $p6c'ial aitIc>ck\,TnoJulc fallows 




tqr^.con.duc} scientlNi research in orbl^^Thc jSlcjkE . 
ipvc station^^'pi wfjat inight b^e. v^lj^cd,^^^^ l^xp^Kmental spkce st^tianr ^ 



Tkn Manned sraceflights 



Experiments are b.eing conducted* in the SkJIal? in tWo other 
areas besides 'the lif6 sciences: astroncbiy, or mosdj studies of the 
sun; and fapplications,. principalty studies or sumys of Lrth re- 
sources from orbit ^ncj of manufacturing processes in zetf iavrty. . 
Of more than 50 experunents, some 16 experiments will- be de- 
voted \o the'^lif^Sciences. but in a faiger sense the' subjefctfof^U 
experim'crits in the Skylab.is man in sfpce^ ' J 




n^urm t$: SMoi>\^fitVilui»' W mort*ov*Hrtp 'wijn.. tW* *fnon<uv*rkig unit 
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^Ifie astfoiiauts '^re 'conducting othef experiments in .'the. , 
Skylab^" they themselves are p.rpducing data about man'^ pJhj(5iologi- 

. cql and jnental reactions to liviflg'and.vvol-king jn space for longer 

'periods.. Tlie' e^rlidr spaceflights pointed Mp. the. fact that during 
periods' ui5 to 14 ddj^s in splacc certain, basic changes took.pJace in 

Jhe'bddy, The^^ diatig^s|* were small but n}ea§yrablc. biiVing longer 
"periods Jit spaOc will, other changes become evident that were too 
smajll' to be measured during a ' l*4-(|ay fli^t? The hows and 
whys of variaus changes. iiow beccjme important questions, 

Tl?e Skyiab). repY6sei|s another ip|poitant ste|). in .studying man's 
adaptation to flight. Sfcme conditions of spaceflight can b^. .sjmu- 

"Tated on the grgynd, blit there is'i^o. waj to dyplicate all the copdi- 
tion^ "of space ?xccptf jn apace. Woightlessiiess caa bc.produced on . 
the parth idf oQly ^ toattcr'of seconds during a ,\yeightfess .trajec- 
tory;; as ^xplaiaed >arlier,' and this aiti6uat of time does Hot permit 
conducing thie^"^ kihd of expcximlpnts notv called for. 

fn the Mercury, <j(*miiii, and ^pollo., flights, scientists could .col-, 
biomedical d[am jthrough ^telemetry, but these I gfghts fi ad an 
ope'ational mission. When, medical data wa^ not nee3e3nSS»sur€ 
the astronauts- 'safety, it could iiot be collected if doings thisN 
terfn-ed with the dperatiottal mission. The Skyiab has no. ml 
sibi other than to conduct experiments in. grblt'. 
Ta achieve Ipngcr periods Jri space, tiiiie will be at first do.ubled. 
' The- first mission .in the Skyiab i§.. scheduled for 28 dayi, -or twice 
the Sme spent }h sg^a,<x during the Gemini-? flight. On the Seconal 
and third Skyiab niissions the astronauts are to spend more than 
double the time ol^the (ir^t mission. ' • 

O: the 1 16 life-icicnces experiments planned for the Skyiab,. 
6 ,arp to consist of detailed measurements made on' the ground 
before an| after the flights to ihe Skyliab, thus pqintihg to the 
changes that occurred during orbftal flight. The plher iO'.exp^r 
ments concern living, in space itself,, and one set of experiments 
is related to the other. The circulatory system, musclls, bone^,. 
and body fluids will be. studied. Changes in these are. to be^ 
compared with weight losses and with changes; in the body's** 
metabolism, or the procbss of building up tissue ^nd using food. 
The studies mp^^bolism should help lo explain Ujjjf astronauts, 
have (HfferenA niAritional needs in spads than they^do on earth. 
Finally, ihere'Wil be a series of experiments conducted on the 
' balance rtrechabiin in the inner ear (semicircular C;?nals and oto- 
HtlJ organs). Tiii^e and motion . studies of the body's balance 
mechanism madJc on the Skyiab will be the first studies made of 
this mechanism when the gravity stimulus is absent. The bicycle 
crgometer (Fig. 86) arid the lower body negative-pressure cham- 
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Figuc^ ^ A»f|f0^aut icfsph ICtrwin on bicydt trgomtttc. Tht trgomttft eon b# uttd 
to moh'iVtfftctivtntw whila cjoing m«e>ionica) work aft«r c'lfoyjn spoct./Tht 
•quiii^trU con also b« u$«d for «^«rdtt ;o*^k««p fh# body rj> condition during 



W«!ghtl«sih«it. 



bcr (Fig. 87) ar^ special equipment for conducting medical ex- 
periments on the,Skylab.' 

To help students and teachers .apprcdatc the importance of the 
space environment for scientific • research in the future, NASA Iri?- 
vited high schppl students to s'ibmit ideas for experiments to be 
carried out' on the Skylab. . Mo \c, than 3,400 students responded^ 
and^ 25 ^experiments were selec ed. As man^ student experiments 
as tunc, and space permit are ttf be carried' on the Skylab. "Among 
the/cHDieriments selected wasahat of Cadet Lyndon D. Long, an 
tve Junior ROTC cadet, from iSouthe^ High School, in 
, Graham, rjca^h Carolina. : 

qijews for the Sky}%b\ 

Each crew for the Skylib is made u^ of one scientist-astronaut 
^!)d two pik>t-astronauts from the activp astronaut^ corps. Astro- 
nauts in**the corps have beeft selected on. two bases, as pHot- 
a^tronauts anii as sdcntist-asjronauts, The scicntist-astronaut has 
to meejt )Lhe same high physical standards as the pilot-astronaut. 
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Hp must also have a bachelors degree plus a doctorate, or its equivac 
lent in experience, in the natural sciiences, medicine, or engineer- 
ing Scientist-astronauts who are not qualified pilots wfien selected 
must take jet training and become proficient pilots. / * ^ 

The first crew for the Skylab is obmmancled by Chades Conrad/ 
The pilot is Paul J. WeiU, and the Scientist-astronabt\is Dr. Joseph 
P. Kerwin. Astronaut Conrad commanded Apollo 12, and he 
flew on the Gemini 5 and 11. 

The secojid crew will also be commanded by afi experienced 
astronaut, Alan L, Beah, who flew on>Apollo 12, iThe pilot will 
be Jaek R. Lousma, and the scientist-astronaut wilrbe Dr. Owen 
K. Garriott. 

For the third crew, the commander wjll ])e Gerald P. Carr, the 
pilot William R. Pogue, and the scientiist-astronaut Dr. Edwafi' 
G. Gibson. > . , \\ 

Tmlning for Skylab Visits ^ 

Trailing continues for -the ' Skylab visits. Special mission simu- ' 
lators fir these flights are/located at the Johnson Space Center, 
and both prime and backup crews are at work on the simulators. ! 
The ['Astronauts arp, becoming familiac with th^e hardware on the 




FiQurt^ 88. Aitronauls and tnginttri working unda/waUr with Skylab mockup* 
Conditioni und«rwator r«i«mb^rthoit tncounttrtd dAjng w«ighlt«isn«ii m spact. 
Th« full icaU mockup ii locQUJ^frska A<arihQll S^pctVSighl C«nUr in Alabama. 
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Skylab, especially with the equipment for the biomedical experi- 
ments and for routine living. In •preparation for Skylab experi- 
ments requiring EVA, the crews are practicing underwater (Fig. 
88) because cbnditions underwater most^n^arl) resemble those of 
weightlessness. Each crew member is to sotnd at lea^t 1,500 hours 
in mission training. / 

As part of their training for the Skvlab, crew members take 
three days, of medical instruction at fthe regional hospit^t^ 
Sheppard Air Force Base, Texas. Here they learn how to iise the 
Skylab medical kits and make simple examinations. If, tne Sky- 
lab crejws can solve their own minor medical problems, they may 
prev()wf^ an emergency return to the earth. The scientist-astronaut 
on the first crew is a medical doctoi^ 

Wher the three Skylib visits have been completed, astronauts 
will be trained to fly the space shuttle and the relisable space 
vehicles! of the future. Findings made on the Skylab should tell 
us much about spaceflight in the future. 
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mobile quarantine facility 
experimental space siation 



pilot-astronauts 
scientist-asttonauts 



Ql K ST IONS 



1. What important findings were made about man's ability to live in 
space on the Mercury fli{;hts7 Whftt did we learn about t^an*s ikblUiy 
to pilot a spacecraft? 

2. Why were the Gemini flights important In adapting to spaceflight? 
What was the American record of endurance made during .the Gemini 
flights? How did the astronauts^countcr the effects of weightl^ssnes^ 

3. Why did the Apollo astronauts expend large amounts of energy dWing 
EVA on the moon? Explain ho>^ the astronauts received life suppon on 
the ttioon. \ 

4. Wh^ is the Skylab? Name three Important ways In which living condi- 
tionk in the Sk>lab differ from ttiose existing in the Apollo spacecraft 
during the moon fllght*r^\^ , ^ 

5. Uhat is the most important stress uf spaceflight to be studied In the Skylab? 
. Describe some of the biomedical experiments, \\hat Is tha purpQse of these 

experiments? 



THE .MANNED SPACEFLIGHTS ' , > 

* - T H I N G S T O D 0 

\ , , ^ 

1 Make a study of the Gemini-7 flight. Describe the experiment. conducted 
on the loss of bone calcium. Tell how Astronauts iBorman and .Lovell, 
counteracted the effects of w^ghtlessness* Explain the advantages of re- 

^ moving the space suit during /light. This practice was hpllowcd on subse- 
' quent flights. , | 

2 Make a study of life support during an EVA on the mbon. Select ofae of 
the Apollo flights during which sta^-'time on, the moon was extended. How 
did the astronauts get life support during EVA? What were some of ^e' , 
Jasks that required large expenditures of energy? 

CKeep a notebook on the Skylab. Were the three, visits made? Were space 
officials able to correct, the problems that devcl^o^d m the Skylab at launch 
and dui^irffe the first orbits? How did they do this? Wjhich of the biomedical 
experiments were carried through as planned? What chartges were made? 

1 
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Man has been flying aircraft for only about »Qventy 
years and spacecraft for about a ^dozcn years. In this relatively 
brief time he has learned how to adjust to increasingly severe 
flight stresses and to keep his body ^stable during flight. Tho 
question that now sufeests itsdlf is. Hbw will man continue to 
counter more severe flight stresses^ \ 



ADVANCED \VIRCRAFT 

/ 

In the development of future -aircraft, emphasis is being placed 
upon ^performance. anS versatility. To get som</ ide^ of the human 
* requir ements for f light in future aircrafL consider two advanced, 
aircra/r an Air.Pdrxc rcconnai^nce plflhc (the SR-71, already m 
operaifion) , and theXsupcrsonic transport- (SST). 
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The SR-71 (Fig. 89) cruises at mach 3 (three times the speed 
of sound) and can reach an altitude higher than 80,000 feet. 
Because of the great speed at which it travels, aerod>namics heat- 
ing cari^ cause the s^:in of the aircraft to heat to temperatures of 
500 to 600 degreesr F. The aircraft must decelerate and make 
several turns in a holding pattern to allow the aircraft to cool 
before making a lanirhg. To descend for a landing, the pilot must 
begin making his instrument approach many miles awa>. If the 
pilot sh^d make a calculation error of even a few seconds at 
the aircraft would probably overshoot the approach by 
iany miles. As the SR-71 touches down for a landing, a drag 
chute is deployed to help slow down the aircraft. Crew mefm- 
of the SR-71 wear Gemini-type full pressure suits with heavy 
Dtgear The pilot must use caution in appl>ing the brakes because 
it/is difficult to get the "feel" of the brakes with this footwear. 

The SR-71 has a crew of two: the pilot and another officer 
i'ho acts as both copilot and navigator. The second officer op- 
/erates the advanced inertial navigation system, which is linked with 
a star-tracking system. 

Two commercial supersonic transports, the Soviet Tu-144 and 
the British-French Concorde (Fig. 90), cruise at about ni^ch 2 and 
at altitudes , above 50,000 feet. At that altitude, iiTthe lower 
limits of the space-equivalent zone, a space cabin is netded. Pas- 
sengers in supersonic transports will be traveling under conditions 
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Figure* 90 British Frtnch Concord*. This is oh* of th« suptrsonic transports being 
t»st«d for commtrciai flight. * 
\ 

much like those under which^lhe astronauts travel. When*, the Con- 
corde reaches an altitude of 50,000 feet, the space cabin has a 
pressure altitude of 6,000 feet.' The combined heating and air- 
conditioning syslerti can keep the cabin comfortable. 

As Supersonic transports reach the speed of sound, they create - 
a sonic boom, but this will not be heard by the passengers, be- 
^ cause the shock wayes do not iriVel )oward the cabin. To avoid 
creating; sonic booms over populatiop centers, these aircraft are 
^nol to be^fiqwn at supersonic speeds i;intil they are far-out ovtr the . 
peans. \ * * . ^ 

yplighl simulators uting advanced cjvionics (aviation electronics) 
art being used to assist "pilot's in transitioning to supersonic , trans- ^ 
pop These sfmulators yealistically reproduce many of tHu con- ' 
ditions that Will be encounterect^ during flight. One condition that 
iirioticeably different between flying a supersonic transport and a 
subsonic jet is that experienced when making the high-speed take- 
off and rapid cliinb'to reach the cruise altitude of 50,000 feet. 

Like the SR-?!, the Concorde has an incrtial navigation' sys- 
tem, which permits highly accurate navigation. The aircraft also 
has autopilots, which can control the aircraft not only during cruis- 
ing but also during clfmb and descent. 
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The high speed of the supersonic, transport should greJtly re- 
duce passenger fatigue during long-distance flights. Fatigue from 
flying usually does not beconle pronounced i^ntil 3 to 4 hours after * 
the aircraft is underway. The Concorde can fly from New York to 
London in about 3 hours 30 minutes. 

FUTl RE SPACEFLIGHT 

While astronauts are cotiducting experiments in the SkylaS, 
work will continue on the space shuttle artd the permanent space 
station Biomedical specialists and engineers will develop the space 
cabin and protective equipment needed for the space shuttle, 
which is to be used for constructing a space station in orbit. 

Space Shuttle an^ Space Station 

The first space shuttle is to have two stages: an unmanned 
booster stage and a manned orbiter ^age. The shuttle is being 
designed so that it can be reused for more than TOO flights. 
'The orbiter singt of the sJiuttle (Fig. 91) is to be a delta-winged 
vehicle about the size of a tnedium-range jet airliner. It will 




FItfurt 91. Interior of orbit«r stag* of th«.spoc« shuttU. Thli drawi(»g shows on% 
design for th« inttrior of th« shuttU. 
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(^lgor» 92. Spaw lyit ^or pHoti^of ipac«* ihutti*. Th« drawmg shows tht dtsign of 
- ^ <s lighf>4*igl)f si^if fhaf could be worn unpr«ssunz«d for \ong ptnods msidt th* 
shuhi*. Th* kuif could b« pr«siuriz«d •quickly in an tmirgtncy. 

\ / ' V 

descend from orbit add then fl> through the atmosphere like an 
aircraft.* ' f * 

Thcjorbiter is to carrv a fourman crew consisting of a pilot, 
a ^opilqt, and two spcfcipl assistants. In addition to the four-man 
crew, the shuttle could carry as many as 12 passenge'rs, or it 
could be used entirely for cargo. ' ^ 

When the space shuttle is ready for operation, as it is expSwd 
, to be in the early J 980s, passengers who travel into orbit will 
no longer have to rdceiye rigorous twining as astronauts. The or-* 
biter stage of the shuttle will hAve a space c^bm,/and its maneuv- 
ering ability will allow the passengers' to enjoy ^{ciy and comfort 
similar to that of the^ commercial airliner. . . 

f Work IS n(iw proceeding on a space suit (Fig. 92) for pilots 
who w]ll test the shuttle. This ^spaf e suit is intended as a backup ' 
for the space cabin. The whole escape system, of which the si it is 
a part, is being designed "to allow the' crew to deorbit and lanil in 
case of accidental decompression. The suit* made. of faSVic, \% to 
••weigh only about |Q pounds. It wijl be pressurized at about 5 
psi as compared with about, 3. 5 psi for present space suits. With 
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iniprovemprits, pressurizatioa of the new sui^^to ^It^jut 8 ./psi, 
should^ possible. Even with theTjigher ^ressbrizatipn,^e IsMit * 
will cfrovide a high degree of mobility and cofrniSft. Jhe mel- 
metycan be folded and stored inside the, suit at the neckline. 1]hie 
pre/surization in the cabin of jhc space shuttle will te adjj^d 
^to/the higher levels in the space suit, and a mixed-jgas aimo^ere 
/ill probably be used in both suit^and cabin. , v'^' • ^ ^ 

Engineers are aho planning a launch esc^p<Lj>,stem^ for the ' 
space shuttle, If trouble should ^(t-^^^ in the unmanned booster 
stage at launch,^ a reelect engine wciild propdl thc^ orbiter stage 
away from the Booster sfep^ and thd external fuel tank and solid - 
rocket motors of the boc^ter stage jvould be jettisoned. The, or- 
biter ^stage would ascend to a high' enough altitude "to allow it 
40 glide back to the earth/ ' ^ 

^) 7^ assure the safety of th^ shuttle's passengers and crew during 
flight, tl^e .pilot-astronaRts will be prt)vided with adYancedj)fo- 
medical instnynent^tion. This instrumentation should give doctors 
on the grounth information to enable them to predict medical 
problems ijistead of merely recording abnormal Euoctioning as* it 
*occars.' ,\ , ?\v; /• 




^ ' Figurt 93 Mockup of cr»>^ tfation ?n ipoc* shuttU showing potition pf tht inttrumtnt 

pontli. » t , ^ 
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Hgur* 94, 



con'TTh* dwign HrawVri^ ifvoV* o.r«»»orch ,*no.rfol« *ibot could ^ 



. Making the best.il^ of/^ liroh^ space' will be an, im- 
portant Tac^or ifi designing Sje fabih of the spa(;c shuttle. Ln- 
ginccrs af ,ih^ Johiffson ^acc Center, iitrar Houston, are pre- 
paring mockips of O^c caBmlthal provide^ areas for food storage, 
waste managtment, a galfey Jkitditnyi and. a work section.- ""A^ 
srnall ^compatlment c||led .e .cc^n wtlj alfciw-^nvkcy for 
astronaut Jhe' coccjon, v^hich'ls n<^ longer than a c^tichyMs^^ 
* jjfjt-in radio Jnd tape deck^aTid>^smaQ iflevispti set. .A mOckbp, 
''t4)e WW station wflh iiT&tfUnicm panels is shown in 'Figure 93. 
Since fund? fo/ /mure space' programs., havc^ been c6i^ efforts 
are being* coneeijlrated on ahc^' spa^^ It" w;ll profeab^, be. 

'used for' carry iii^ modutcs into sp^cc |o buijd a ,^pa^e st^tujpi-in' 
/ orbit I * . 'K . " \ ' ' " • 

/ The first mo^jlitc to' taken Intb'^rbjt by, th^ shuttle is likely 
^ to b^ the sorft^tan (Fjg 94), a tciatlvely sjfnple laboratory.' Ix 
would, be pressurized and have' airl^ks.. A paJld. attached to-lhOi 
sortie can wotJd be used for cunduaing exp<ifitJ)ents In- spaced 
The first small module would be gradualK^ Ulargcd inlo ^ 
laboratory called a research and ap^ilicatlons ^odule (RA\1). A 




175 



181 



HUMAN REQUIREMENTS OF FLIGHT 

number of RAM^ might be docked to make up a modular space 
station (Fig. 95). 
• » 

Prolonged Spaceflight 

A OS space staikm might one day be used for preparing as-, 
trohauts for trips ^ the planets, especially Mars. With pr.escnt-day 
propulsion sysrjpifis, a flight to and from Mars, with some time al- 
lowed for exploration, would take about two years. 

Modcpr technology should be able to solve the problems of 
fium^ "adjustment encountered on a two-year interplanetary voy- 

ZIn the days of saili^fg ships, Europeans were able to circum- 
igate the globe io about two years^. For such trips enough fpod 
and water were stocked -for the lonk ovbrwater stretches, 
^ soon as . jpace^trffvel passed from the realm of science 
fiction to thar of sciSnce, man began to studj the possibility of 
making long space voyages. We might take a lo^^ at three areas 
of study cpncexning long spate voyages, the closed life-support 
system, contamination in space; and nflental qualities needed by 
men confined in the space ship, * . . . 




figur« ^5 Modular spac* ilollort. A ipoc«/tolion 4tkt th« on* »hown abov« could 
b« an«n\bl«d pi«ct by from modoltS corrltd into orbit Jby (h« »pac« ihuttU 
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, ^ Closed kiFE-supP9RT system.— If four astronaub were to store 
on board all the svatcr, o\>gen, and food needed for a two->car 
triji in space, the> would have to carr> almost 44 tons of life- 
support supplies. This. rough estimate of 11 tons per astronaut, 
cojnputed according to figures given in Chapter 4» would make 
the totgl weight prohibitive. 

The firs; step in solving the problem would be to reuse the 
watei; and dx>gen. Scientists and engineers hava^lread) begun 
the process of rec>cling water and ox>gen. NASANetSnljsts are 
presently working on more ^ advanced water and waste man%- 
menf systems. These would make it possible to recover and re- 
use water from urine, wash water, and water vapor condensed 
from the space ship's atmosphere, they would fecoA^er water and 
gases from solid biological wastes, and the> would decornpose and 
bum the solid wastes. 
Waste management s> stems being developed for use on future 
'space ships may have direct application for use on the earth. 
NASA is cooperating with the Depajrtmecit of Housmg and Ur 
, ban Development to sec if simil^H^ systems could be used 
small communities for recycling sewage and thus help to 
pollution of streams and rivers. 

The sum total of all relationships between the organi 
their environment makes up an ecology* Space biologi&fs" 
reproduce a^ complete ecology in miniature,' or a cl6sed 
port system tFjg, 96). within a space ship. Rec>cUfig huja^an wastes 
into food and water through a waste manaj^ent jrjstem would 
complete the closed life-sqpport s>stem. TeT jndep^tand how such^ 
a 'System might operate on^tiire space ships,^,^ must go to the 
world of nature on the earjk / / 

i^the key to an ecology ih nature is found iij the balance main- 
tainjd between Irving plant\ and animals. By using the radiant 
\\r^L^^ ^he sun and chlor6phyll (green tissue), plants produce 
Y synthesis, or a briDgrlTrgs^pgcther, of elements known las photo- 
"Synthesis. Through photosyhthesis, plants produce glitose and 
oxygenfiT^jM^^ dioxidb exh<ried b> arilmals. Thefi animals 
uso-thrglucose and oX>gen from plaiXts fcr/food and breathmg, 
giving off carbon dioxide. Plants atain cor vfert the carb5n diox- / 
^dc into glucose and ox>gen, and tl)c cycle continues. By\mUking 
use of jjhptosyjithesis, astronauts on future! ^P^^e voyages might. 
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began e;cperiments on a closed life-suppprt/^system 
ships Foij h^s first experiments he u.scd Chlorella algae 
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and mice. The arlga, the plant most often used for experiments 
to create a closed life-support s>stem» is a simple green plant 
without true roots, stems, or leaves. Algae var> all the wa> from 
the 200-foot-long ocean kelp to simple one-cell algae. The Chlo- 
rella alga, the one-cell alga found in pond scum, contains enough 
protein and fat to suppl) mans dail) dietar> requirements Un- 
^fortunatel), Chlonlla algae do not make an appetizmg die't. Higher 
plant forms, such as mushrooms, corn, and tomatoes, might be 
introduced both as gas-exchangers and as a means of varying 
the yiet. 

NASA scientists at the Ames Tlesearch Center, in cooperation 
with Ijie US Department of Agriculture, are experimenting with a 
s>stem of water culture and plant nutrients to grow fresh vege- 
tables rapidly under spaceflight conditions. % 





FtQu/« 96. A c|<^i«d tif* luppoit iyit«m Such o lyitAm mtght b« uitrjf for prolonged 
ipactfliQht in futuA 
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The plants or animals that are to be used in .the life cycle in 
space ships must grow rapidly to produce an abundance of oxy- 
gen and food, in nature the source of radiant energy is the sun. 
In the artificially created environment of a space ship, the suir*^ 
•adianl energy would be used as much as possible, Jjul- U would 
lave to b(e supplemented with electric power or' other energy. 

Prevention of contamination —Space s|:ientists and engineers 
Avho are looking far into the future ak concerned about pre- 
venting contamination, or the accumulajion of dirt aijd disease- 
producing organisms in the closed space ship. 

Strict precautions are taken to keep prc^ent-day spacecraft 
and space boosters from becoming contaminated All space equip- 
ment is handled under clean-room conditions. Workers coming 
into contact with the equipment wear white uniforms like those 
worn by doctors and nurses (Fic. 97). 

Space ^ardware is kept from contamination fpr both engi- 
neering and health reasons The rocket engines \^ould not ^operate 
properly if even small amounts of contaminants got into the pro- 
pcllants or parts of the engine. Further, spacecraft must be kept 
m a hygienic condition to protect the health of the astronauts. 
When the spacecraft becomes weightless in orbit, any lo^se de- 
bris or dust would float about in the cabin, creating unsanitary 
conditions. Within the closed space cabin, astronauts are exposed 
to contamination from the cabin atmosphere and from each other. 

On longer flighty into space» astronauts and scientists would be 
traveling in much larger space vehicles than the Apollo com- 
mand module and would be able to move about more freely. 
Long periods of weightlessness would probably cause decon- 
isditioning, nevertheless. The astronauts, in their weakened wndi- 
tion, would then become infected more readily as they were ex- 
posed to contamination for long periods of time inside the closed 
space shjp. O^ntamination may well be one of the greatest haz- 
ards of prolonged spaceflight. - 1 

MtNiA\ tdNDiTlON or PASShNOi.Rs AND CRtw —The mental 
condition of^space voyagers in the future will probabk be cvcn 
more important than their physical conduion. After i^o pilots 
replaced the single astronaut on the Gemmi flights, the astronauts 
found that they had to work closely as a team within the close 
confines of the spacecraft Although the large space ships of tjicy 
future will allow more freedom of movement, there will be an even 
greater need for teamwork. Many men will live and work closely 
together for as long as two years at a time. 

Because scientists are concerned about the reactions of men to 
each other on long space voyages, they have continued with their , 

O ^ 179 . 



HUMAN REQUIREMENTS OF FLIGHT 
1 




Figort 97 CIton room A$t\^nout Jomts lovoll ts jhown tnttnng tht cUon room on 
Apollo ftlobiU iounchtr Copt Ktnntdy. Nott tht whift uniform* tht ^tttndont* 
' \ \ or* wtoring. ♦ 

stu\cs of iticn in close conkpemcnL One these studies, called 
Project Teteitc, was conducted uridenvater by ' the Navy (Fig. 
98), and NASA cooperated. In the underwater, environmeni df 
Project Tektifc conditions are ^hnii^r to'*t}iose in a space cabin. 

During Projiu:t Tektite, NASA scientists checked on the mixed 
nitrogen ox>gen^ breathing atmosphere, and thc^obtamed data for 
designing the cabin^Af the space shuttle. Thtfy were also able to 
judge the reactions/of^ men confined for a period of j>vo months. 
Contrary» to result*; obtained from previous studies, the crew 
members in Project Tdrfite devefoped no hostilities to each other. 
* Instead, the member^f (he crc^ related wcH to each other dur- 
ing the erttire pfji^ of coitfinem'ent. When sources of irritation 
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developed, they got together and talked over their problems, 
reaching some solution. Sleep patterns gave no cliie to tension. 
The members of the qrew slept well and adjusted io their work. 

The key to the successful adjustments of the crew members in 
Project Tektite was found in iheir high degree of iiotivation, or 
j inspiration to act in order to achieve wortl^while goals. - . ' 
I Astronauts of the future must be men with emotional stability 
' - ^nd a High degree of motivation. They must be dedicated to the 
advancement ^of spaceflight, whether in, astrc(nomy, space biology, 
aerospace medicine, or some other field. In the future, physical 
qualifications for scientist-astronauts may be relaxed somewhat 
but mental qualifications canijot be, ; 
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TERMS TO REMEMBER 

space shuttle ^ ecology 

orbiter stage ^ closed life-support system 

sortie can photosynthesis ^ , 

research and applications mod- contamination 

ule (RAM) ! clean-room Conditions 

modular space station motivation ^ 

Q I E^T I 0 N S 

1. What are some <^f the hutnan requh-emen ts of the SR-71? ^ 

2. What arc the two supersonic transports? Will they create sonic booms? How 
can these be handled (if created)? What comforts will the supersonic trans- 
ports provide for passengers? ^ 

3. What are the two parts of the space shnttle? Which part win be manned? 
How will the shuttle be different from spacecraft flown up to the present 
time? 

41 How can the space shiittJe be used for building a space station? • 

5. What is meant Ijy a clojied life-support system? How is it related to an 
ecology on eartli? What basic chemical process In plants' makes a closed 
life-support system pos^ble? 

^. Why must special measures be taken to prevent contamination of the 
space ship during prolonged voyages? ' 

7. What kind of mental stresses might astronauts be objected to on pro- 
longed spaceflights? • - 

8. In terras of meeting human requirements, do you *hink a flight to Mars 
will be possible within the present century? Wfiy or why not? \ 

^ TH J NC^S- TO 1)0. ^ ' 

1 Vakc a study of one of the military aircraft under dcvclopmcot, such as 
the B-1 bomber Determine the special human requirements m terms of 
controlling and piloting the aircraft and of providing life support for the 
pilot. ^ 

2 Make a study of the British French Concorde and iti human rcquircmcntSi 
WhUt special demands do<?^ it make of the pilot? Will it be difficult tb\ 
flyl NVhat measures must be taken tp protect passingcr«> ^t the altitude 
botn ?^ Concorde cruises? Will the passenger^ i)c disturbed by sonic 

3 Make a model or diagram of the interior of the orbiter stage of the space 
sh&ttic How many crew members is the orbiter to have? If it were to 
carry only passengers, how many passengers might it aLLommodate? What 
plans arc being made to provide life support for the shuttle crew? 
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4 With the help of your biology teacher, try to create a simulated ecology, 
or closed environment. demoni»trating the principles upon which the closed 
life support syMem is based How could you use the product of photo- 
synthesis? What kind of plants would you use for gas exchange? What 
animals might you use? Write but the plan for your experiment^ keeping 
your objectives in hiind. 

5. Make a study of contamination on prolonged spaceflights. If astronauts 
were to take a two-year trip to Mars, what problems of contamination 
would need to be solved? Why would germs spread easily among the 
merpbers of the crew? Do you think ,the crew should include a medical 
doctor? 
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to Space, Washington, DC, 1969. 
Sharpe, Mitchell R. Lining in Spate. Doubleday Science Series. New York. 
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ablqtion cooling, 34 
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body, stt G-forces 
V aerodynamic heating, 34, 55-56, 119-120 
170 ^ 

aerospace medicine, 44-51, 157 

air-conditioning 

of pressure suit, ^6, TJ^ 

of pressurized cabin, 33, 78, 171 

of space cabih in Aircraft, 33, :j8^ 171 

see iilso environmental control system 

aircraft cabin *$ee pressurized jcabins^ 
space cabins 

alcohol, effects Orf body during flight/- 
12, 36-37 

Aldrin^ Edwin, 152, 153, 154 

algae s^n life support system, 177-178 

altitude chamber, 13, 48, 91-95 

alveoli, 9-10 

Ames Research Center, 178 
Anderson, ^Capt. Orvil A., 57 
anemia, relation to hypoxia, ,12^ 
dnimqis used for testing spaceflight, 

59-62 
Apollo flights' 

aerodynamic heoting of spocecraft, 34, 
119-120 

biomedical' findings suqimarized, 152- 
156 

environmental control system for, 123, 
124, 160 

extravehicular activity (EVA) during, 
130-131, 154-155 
' foods used on, 134 ^ 
heat shield on spacecraft, 120 
lifting ability of spacecraft^ 116 , 
Armstrong,* Gen. tfarty G.J 49, 71 
Arn^troY^g, N«il, 154 
artificial grayity, 116, 1 
Oktronauts 

, biomedical monitoring of, 137-139, 140, 
' 157 

pilat-astronauts, 163 ' 
Sual'ficationl for, 147-148,^163, 165 
stientist astronauts, 163, 165\ 
see <ilso,Apono flights, Gemini flights, 
e'tc. 
atmosphere 

composition of, 2 
layers of,* 3-4 
» pressure 'reduced with altitude, 1, 2, 
4-5, 6, 7, 18, 21, '121-12? 
^^mperature of, 4 
see also nitrogen, oxygen 



atria in heart, 1Q 

aviation medicine see aerospace medi- 
cine 



B < 

I 

bailout from aircra^fll ^ 
bailout oxygen botrfe, 84, 92,' W 
balance>sensing organisms, 15, 26-29* 
balloonists and flight physiology, 44-49 # 
57-59 

Bauer, Dr. louis H., 50 
bends, 18, 92, 93 

see also decompression sickness 
8erry, Or. Charles, 127, 154 
'Bert, Paul, 46, 48-49, 77 
bioJ^ial "stimulator," 96, 98 
bicycle ergometer on Skylab, 162'-163 
biomedical monitoring of astronauts, 137- 

139, 140, 157 
Bt'osatellite 2, 109<-110 
Biosotellite <3, 116 . ^ 
bite-sized foods 'for spaceflight, 134 
Blanchard, Jean-Pierre, 45-46 ' 
blind^spot, 23 * 
blood see circulatory system 
body fluids, loss during spaceflight, 149 
bones, effects of Weightlessness <jn, 150, 

15? 

Borman, Frank, 138, 150, 151 

Boyle's law, 7, 14 

breathing see respiratory system 

bronchi, 8, 9 | ^ - 



cabinf, pressurized, see pressurized cabins, 
I space cabins 

calcium loss during spaceflight, 150 

capillaries, 9. 10 

corbon dioxide 

blood content of, 11, 14 
exhalation of, 8, 11-12, 68, 70 
part in photosynthesis, 177—179 
presence in pressurized cabin, 6, 35-36, 
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removolsftom body, 8, 9-10, 11-12 

removal from pressurized cabin, 6, 36, 
123-124 
carboq monoxide 
^in blood, 35, 38 

in pressurized cabin, 35-36 

in tobacco smoke, 38 
centrifuge, human, 95-96 
Corntin, Eugene, 130 
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Urn, 177-178 
chok«s, 18 

also decomprtssion sickntss 
circulatory systtm 
blood vtsstis, 9, 1Q 
boiling of blood, 20-21, 22, 122 
carbon dioxide content of blood, 11, 
^ 14 

carbon dioxide' removal from body 

cells, 8, 9-10, 
carbon monoxide in, 35, 38 
effect of G'forces on, 75 
effect of weightlessness on, 113, 117- 

118, 149-150, 157^ 164 
function in cooling body, 34 
heart' as a^pump, 10~11 « 
heartbeat during spaceflight. 139, J52, 

154 

nitrogen in, 2, 7, 93 
oxygen carried by, 2, 8-11 
relation to respiratory system, 8-1 1 
stimulation by negativo>pressure cham> 
ber, 164 
clean-room conditions, 179 
" closed life-sul3port system, 132, 176-179 
cold during- flight, 1, 4, 33-35 
Collins, Michael, 152 ^ 
Concorde, human requirement for, 170- 
172 

cones in eye, 23-25 

contamination of spacecraft, 139, 176, 179 
continuous'flow oxygen system, 66, 67, 68 
controls, in aircraft, 52-53 
' in spacecraft, 118 
coolant used ih space cabin,' 124 
cooling space cabin Me environmental 

control system 
caoling space suit, 127, 130, 131 
Cooper, Gordon, 148,^149 
Cariolis chair, 96, 98 

cosmic rays, effect on bod^, 57, 106, 107- 
109, 153-154 

protection against, 109, 111 
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46, 47 
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of, 47, 48-49 
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Oalton's' law, 7 
dork adaptation, 24-25 
darkness of space, 104, 105 
doy-night cycle during spaceflight, 137 
decibel scale, 31-32, 33 ^ 
decompression, hazards of, 20~21, 22, 
80-81, 121-122 
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decompression sickness 

cause of, 18 - J * 

different forms of, 18-^0 

protection against, 78, 93 

tr«fatment of, 1^-20 
denry^nd oxygen system, 66, 67, 68, 69 
denitrogenatton, 93 

diaphragm, action in respirafion, 11-12 
disorientatiop, spatial, 26-^, 96, 97, 114 
drugs, effects on pilot and ostrpnaut, 

36-37, 111, 139 ^ 

use against space radiation. 111 . 



EVA see extravehicular activity (EVA)^ 
ear 

balance organs in, 26-29 
blockage of, 14-16 
otolith organs in, 27-29 
semicirculpr canals In, 27-28 
three ports of, 14-15 

ecology in spaceflight see closed life- 
support systen) 

ejection seat, 83-86 

emergency oxygen cylinder, 84, 92, 93 
Enas on Mercury flight, 61-62 
escape equipment, for aircraft pilots, 81- 
86 

far astronauts, 140-143 
environmental control sy*tem 
in Apollo spacecraft, 123-126 
in future space ships, 177-179 
in Gemini spacecraft, 125, 151 
in Mercury spacecraft, 125, 151 
in space cabin, 34, 35-36, 120, 12Z- 
131,. 132 

see also pressure suits, space suits 
ergorrmter on Skylab, 162-163 
cscopeA^stoms, for aircraft, 81-86 

for spacecraft, 140-143, 173-174 
eustachian tube, 15-16 
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extravehicular activity (EVA) 
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160 

energy requirements for, 134 u' 
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meteoroid hazards during, 111-112 
moon landings, 130-131, 154-156 
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restromts bnd holds used during, 152 
Skylab EVA, 160, 165-166 
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wtightltssntss during, 113, 114, 159 
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physialagy af, 23-24 
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ftc*s, colltctioa of, V30, 135, 136, 159, 
177 

flatus during flight, 17-1^8, 92 
flitrs, cart af, 50-51 

stt a1sa atraspact mtdici^nt 
flight physialogy, 1-41, 44^9, 57-59, 
' 157 

flight simulatars |tt simulbtars 
flight lurgtans, 50-51 
' faadifor spactflight, 132, 133-134, 135, 
160 

frttzfdritd faadk, 134 
frastbitt. 34 

fuel ctlls, use in producing wattr, 133 
full-pressure iuits, 56, 71-72, 73, 126, 
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ftt also spoce suits 
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effect on circulotory system, 31, 75, 118 
generated during aircraft flight, 30, 

74-76, 118 
generated during spaceflight, 30, 113, 

116-118, 121, 148 
generated in human centrifuge, 95-96 
methods far counteracting, 30, 61, 95- 

96, 117-118 
noture of, ^-30, 34 
negative, 30> 74-75 
positive, 30, 74, 75-76, 118 
resistonce to, 30, 34 
" tronsverse; 30, 117, 118 
G^suit, 30, 72i 75-76 
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tro(lpoa^ body during flight, V4-18, 
77, 92 \ 
Gouer, Dr. Olto; 74-75 
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lifting ability of spacecraft, 116 

physiological data for, 56 
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space suits for, 126-130, 152- 
Gloisher and Coxwell, balloon flight of, 

46 

Glenn, John, 62^ 148 
gloves for pressure suit, 72 
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gravity, artificial, 116, lo-, 
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G'forces 

effect^ on moon, 155 

simulation of, 116, 164 
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HarVfs, Lt. Horold, 81 A 
heort, po^ts of, 10-11 ^ 

see olso circulotory system " 
heartbeot during spaceflight, 139, 152, 

154 

boot borrier, 55-56 

heot during flight, 33-35, 120, 124-125 
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instrum*nts in oircroft, positioning of, 

52-53 
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ionizing rodiotion, 57, 104, 106-111, 
153-154, 156 
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J«ffri«s, Dr. John, 45-46 

Johnson Spoc« C«nt«r, 137, 165, 175 
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lounch cscop* syst«\n, 140-141, 174 
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op«n, 132 
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79 
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Mon High flight, 57 
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Morsholl Spoc« Flight C*nt«r, 165 
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h«ot shield on spoctcroft, 120 
physiological doto for, 56 
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111-112 

microm«t«oroids, effect on spoctcroft, 

111-112 
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Montgoifi«r brothers., 44-45 
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noxious goses ond vopors, in conventlonol 
pressurized cobin, 35-36, 78 
in spoce cobin, 35-36, 57, 78, 123-124, 
125 

o 
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function in physiology, 2 

olso circulotory system, rtspiro* 
tory systtm 
toss during spoc«f light, 123 
mosks for dispensing %%% oxygtn sys- 
tems 
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pressure-demand oxygen system. 66, 68, 

69, 70, 93 
pressurized cabins ' 
construction of, 77-78 
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